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PREFACK 



WhM are we ia this so-called oiticteeiitli century doing in our 
laboratories and our libraries? Ti>d nitmy of us are content to 
acquire slmplj what others have observed and discovered, «ith an 
eyo directed malDl]' to medab, certificates, diplomaa and other 
honors recognized as the fruits of " passing." 

—Pro/. William (^wktt. 

The reader will find in the following pages a brief 
discussion of a system of cosmical evolution, tlio gen- 
eral conception of which, so far as the author is aware, 
has at least the merit of originality. 

Although the title of the work implies conibideration 
of the entire system of natural phenomena, only about 
half of that system is investigated. The actual mechan- 
ism of what may be termed the molar or macrocosmic 
phenomena of nature, is here discu5se(l,and, it is thought, 
clearly, though briefly, explained ; and. the system is eon- 
Bocutively carried down, step by step, to the threshold 
of the molecular or microcostnic phenomena. But, 
for various reasons, the discu^ion of these latter phe- 
nomena themselves, involving: the. .actaal.' mechanism 
of heat, light, sound, gravitition, magnetiso}', and 
even vital and mental action, has ii(.t been undertaken 
in the present work, with the slig'i*,. escepCion of one 
or two facts selected from tids ,'Uonla'r-,-Trfiich are 
given in Part 1. 

In the discussion of a general system of evolution, 
the profeitsional etadentof nature may probably expect 



to meet nith the most profound and intricate mathe- 
inatical conceptions. But to such expectations the 
|>crusal of the following pages will bring only disap- 
pointment. Instead of magnificent formulas and highly 
complex processes of reasoning, the most elementary 
muthematical facts and bhesimplest physical conceptions 
are employed. Although moat of the conceptions are, 
it is believed, entirely new, yet their simplicity is such 
that no greatly involved processes are necessary in their 
presentation. It is true that the present theory, as 
well as the new one, is also discussed. But only the 
elementary conceptions of that theory are investigated, 
and even though it had been necessary to employ 
higher mathematical hinguage as a means or scaffold- 
ing for the investigation of these, perhaps it would not, ■ 
after all, he improper to apply in this case the rule which 
Prof. Marshall appHed in the discussion of economic 
science : " When a man has cleared up his mind about 
a difficult economic question by mathematical reason- 
ing he generally finds it best to throw aside his mathe- 
matics and express what he has to say in language that 
is nnderstanded of the people." * At least it lias been 
the constant endeavor in the present work lo reduce 
every expression to the simplest possible terms which 
would convey its essential, elements before submitting 
it to'tte rpadW. "..-■■.; .;•*:: 

But if" t^^ n*\i-.<?''^*'^P'''0''^ ''^'^ presented are so 
simple anil_,.y'et so important, how, it may be asliotl, 
could thfy ]pl)gcH))''B4)ar3"escaped the researches of the 
many distinguished scientists who are now, and have 
been for many years past, so diligently engaged in 
gleaning discoveries and facts in every field of nature 1 
■ Academy, June. li^l. 



This is, indeed, a grave question, but perhaps it admits 
of an answer equally grave. There appear to be vari- 
ous circutu&bances which would permit very simple and 
yet very important facts to be overlooked by the pres- 
ent methods of scientific inquiry. Among these, the 
following may here be mentioned. 

First, the great majority, if not indeed all, of the 
scientists of to-day appear to accept, without question, 
the general conceptions of physical science which have 
been formulated about a hundred years ago. These 
conceptions seem to be generally regarded as already 
demonstrated, and therefore as requiring no further 
examination or attention. The greatness of their 
original expositors serves as a pi-oof of their correct- 
ness ; and such conceptions us the universal distribution 
of beat and light and the force of gravitation in 
accordance with the law of inverse sijuares are not 
only no longer regarded as open to dobato, but, with 
many persons, tho questioning of such "laws" is 
regarded as the surest proof that the questioner is 
himself in error. These things are so commonplace, 
so familiar, and apparently so indisputable to all scien- 
tific minds that they no longer receive scarcely any 
thought — which quite possibly may be, in the recent 
words of the Duke of Argyll, "a signal illustration 
of tho power of neglected elements in reasoning — of 
the famUiar becoming the practically unknown, because 
it is the unconsidered."* 

Second, there appears to be at the present time no 

general physicist. In these days of " mental high 

pressure," almost every scientist is a specialist ; that is, 

his investigations are limited to one particular branch 

. or subject, to which his whole time and energy are 



devoted. In observational astronomy, for instance, 
thuro are investigators ivhose labors are spent almost 
entirely upon some one or other of the following sub- 
jects : The 8ud, the Moon, the planets, the comets, the 
cometary orbits, the double stars, the nebulfe, pho- 
tometry, spectTOScopy, the computation of the elements 
of planetary orbits, etc. This specialized work un- 
doubtedly baa its advantages; but it may also have its 
disadvantages Anil among the latter quite possibly 
may be that the genera! connection of scientific knowl- 
edge is, to a great extent, lost sight of. The bearing 
and effect of the work done in one department with 
resjiect to that done in another, or in all, does not, 
perhaps, recfiive the attention which it should. The 
architect and overseers may possibly have become 
workers ; and the army of workers, perhaps, are busy 
at mere " brick-making."* 

And third, itseems highly probable that the human 
race is, at the present time, only in its infancy. To 
the intelligent student of human progress, this would 

•Tills ezpieeeloD IB borrowed (rotn tho AutiuiLl Addrees of Dr. William 
BarkucK. Piuldrnt oC Ihe PhlloscipblaHl Soojcly o[ WuablDgton. dollverad 
on l>miemtffir 10, 1887. Dpon tblssutilect Dr.IIarknedeipresKS bimat'lf sarot- 
Inws; "Tbe great Increase of cpbcmeral sclenUDo literature has led tnultl- 
tiiiliH or cducnted people to believe that snoli ncurds ropreiODt actual pro- 
vren. TbemultlplicatlonofbrlcksfacilltaMatbebulldlDBOlhoium, but does 
nut necewarily improve archlleoture. Blmliarly. tiie tnulUpUcatiiinof minor 
lorc-stlKaUnns Impi^vea our knowledge ut details, but rarely aOecta Uio 
KrratphiloBophio theories upon wbluhsoieDoe Is [oundcd. The ImpoTtwioa 
of nuroan ncllons ia mcufured by tbo degree Id wblob they afleetbunuui 
Uioutiht. and th< only wi.y of permanently alTectlng aclcnUllc thought In by 
mndifylnit or extending acicntlDc tbeorica. The men who do tliitt un> 
npttkcr numerous nor do they require voekly panwrnpha tu record their 
dtvda; but Ihotrnami-SHre honored by poHlorlty. KvoQ,in this golden a«e 
the Bdvunueof sclonec la nut slcndy, but is nuidi! by Bpasmndlc leaps unil 
hounds. Mere BOlentluc brick-making, commonly called progretB. is nlwaya 
Ibe order of tlio day until some genius amrtles iho world hy a discover? 
OlT«:tlng accepted Ihtiorles. TheneverretTort Is directed In the newlliwot 
tliuuKl't unlll it Is measurably worked out. and uftor that brlck-mukltiK ' 
■gain resume* Iti plac«." 



appear from the comparatively recent date of onr 
savuge condition, and from the tremi'nduus strides we 
have made in the period since that time. No one pre- 
tends to assign the slightest reason why both our 
period and our progress should not be much greater In 
the future than in the past. Yet there are those (oven 
among soientists) who believe that, in the thousands 
(perhaps millions) of years to come and the possible 
myriads of our probably far more intelligent posterity, 
no person, or number of persons, shall be able to detect 
the slightest flaw in the general physical conceptions 
which we have set up! The fact of the existt;nce of 
such a belief would alone seem a sufficient evidence of 
oar present intellectual childhood. 

It needs no elaborate discussion of these considerar 
tions to show the reader that the discovery of new 
truths would be greatly hindered by them. In conse- 
quence of the first, there would be little attempt at 
discovery of new general truths because tliere is no 
apparent necessity for new general truths. The pres- 
ent conceptions are held to be as good as (wrfect ; and, 
if perfect, they are all-sufficient, and the whole truth is 
already known. In consequence of the second, the 
discovery of a general truth would be a matter of still 
greater difficulty. The iipecial character of the 
researches of each invcsti^tioD would alone preclude, 
to a great extent, a ^fn^fl/ application of them, Ent 
the worst feature would be that these special researches 
are themselves largely directed and appraised by the 
accepted general conceptions; so that, if the results of 
these reeearobes are found to bo at variance with the 
standard conceptions, the former would evidently at 
once bo regarded as doabtfnl — as possibly vitiate*! by 
some unaccountable error. Some researches lead to 



results that can not be disposed of in tbis way ; sach ai 
tbo equable leraperature of the Earth's surface at vary- 
ing distances from the Sun, the greater theoretic solar 
lioat at the North Polo than at a point at the Equator 
during our summer season, the greater tidal wave 
actuaUy due to the Sun'a influence upon large isolated 
bodies of water, etc. These results of calculation or 
observation can not be disputed, and, being inexplica- 
ble by the standard tlieories of these phenomena, serve 
to excite astonishment for a time and are then forgot- 
ten. But many of the results obtainable from compli- 
cated researches depend upon such delicate processes 
as to readily admit of misinterpretation in comparison 
with [Kissibly erroneous criteria by which they may bo 
judged. How much of this misinterpretation is really 
taking place at the present time future developments 
may show more fully. 

It must not be understood from this that the labors 
of scientific men are sought to be disparaged. Nothing 
could be further from the present purpose. They 
always do only what they conscientiously believe to 
be for the highest interests of science. As human 
beings they are liable to err; but if they err, tiiey do 
so unconsciously ; and they are quick to admit and to 
rectify any error into which iliey may have fallen 
when once they are aware of it. Small indeed are 
their failings in comparison to the benefits they have 
conferred. It is to their untiring labors in all ages and 
climes that about all of our civilization and prosperity 
is due. They have always been at the fore-froni of 
our progress, anil in all probability will continue to be 
as long as onr race endures. 

The indebtedness of the present uoik to previous 



researches by other inquirers will be sutBcientiy obvious 
in its perugul. The original theory here advanced has 
not indeed received any direct indorsement; but it lias 
been indirectly hinted at as far back as the time of 
NewtoD. And the scientists of to-day appear to be 
running down the facts so closely that, were it not 
apimrently for the drawbacks named, it would be 
merely a question of time, and probably a very short 
time too, wlien all of the new views hero presentt-d 
would be forcetl upon the attention of scientists by 
their own investigations. Much of the results of these 
invest! gallons are quoted directly in the following 
pages, and the reader is left to judge for himself the 
value of this portion as evidence confirmatory of the 
new theory. 

This work is not addressed to any s))ecial class or 
profession, but to all who can read aud reason; and 
who are willing to devote a small portion of their time 
and thoughts toan attempt at understanding the really 
wonderful and important phenomena of nature which 
they see around them but lieeil not, and to the discus- 
sion of problems of origin and destiny profoundly 
affecting oor world and our race. Such phenomena 
and problems are neither few nor uncommon. But 
strangely enough, nearly all of these highly important 
phenoracna, which are almost of daily occurrence before 
onr eyes, are, even in this boasted golden age of dis- 
covery, utterly inexplicable by all of our science and 
philosophy. 

From what cause and bow did this world of ours 
come into existence i How did it come to circulate 
around the Sun in its present path and at its present 
rateV What are the changes wbieh have taken pl&ce 



upon it, and by how many races of beinga like our- 
selves has it been inhabited, in the past? What causes 
bodies to fall towanis its center? Why does tbe mag- 
netic needle point invariably towards the north upon 
the greater portion of its surface ? What is the nature 
of the aurora and the electricity manifested in its 
atmosphere? Why does its temperature increase at a 
regular rate from its surface towards its center, and 
what is the physical condition of its internal regions} 
What causes the tides upon its ocean surface! How 
did it happen that plants and animals of temperate 
latitudes once flourished far within its Polar Circles, 
and that subsequently almost its entire surface was 
encrusted with a thick sheet of ice! What caused the 
extremely favorable conditions for vegetable growth 
denoted by the coal deposits of its Carboniferous Age) 
What is the significance of the changes which are now 
taking place upon it — the earthquakes and earth- 
tremors, the geysers, the volcanic eruptions, and the 
displacementsof the vertical and of terrestrial latitudes! 
Wiiat changes are yet to take place upon it, and what 
iscventuully to become of iti 

IJow cauio the Sun, the Moon, tbe planets, and the 
innnmerable stars, into their assigned paths or posi- 
tions^ What is the nature and the significance of the 
sunsiKfts, the solar corona and the zodiacal light! and 
what is the connection of these strange phenomena 
with the atmospheric conditions and changes upon the 
Earth! What are the comets which, with their mys- 
terious trains, sweep around the Sun, and the meteor^ 
ites which, as occasional bearers of strange organic 
remains, fall from the depths of space upon our world; 
and whence came they and why ! What is Ihe nature 
[ the magnificent Suturnlan King, and how is Its 



qnilibriura miiiatainod i Aod, finally, what aro tbo 
temporary stars which suddenly bltize forth in the 
firmament, and then gradually dio away, the variable 
stars, which increase and decrease in luster in regular 
periods, and the gauzy nebular forms 'i 

These are some of the subjects discussed in this 
work, and surely they are worthy of a small jKirtion 
of our time and attention. "In the midst of this 
universe of seething movements is our home. The mind, 
uplirted in the effort to contemplate them and grusp 
their method, grows giddy and impotent. How sub- 
lime these activities ! To what a numerous and lofty 
companionship docs our little planet belong! llard 
it seems to be imprisoned here while the realm of 
the universe tempts us to its exploration. Ilow can 
a human soul content itself to roll and whirl through 
spaoe during its mortal days, and eat and sleep and 
trifle, like rats in a ship at sea, without wondering 
where we are and whither we are bound." * To 
what nobler subjects than these can the mind re- 
vert in its leisure moments from the more pressing 
affairs of life } And bow sad to think that so 
many intelligent beings are so swallowed up in the 
whirl of worldly affairs that they pass their whole 
lives upon our little Earth-ship, sailing in the ocean 
of Space, without a single thought of the ship 
as a whole, of the noble machinery which propels and 
Steers it, of its port, of its destination, and of the 
almost inljnitude of grander vessels and curious minor 
craft that keep ns company I 

But the present work ap[)cals not alone to these 
considerations. Itolaiins to present new results of the 
' ighest im|X>rtanoe even in our worldly affairs. All 

*.Ueuniliir Wlocbell. tTmU-U/t. p. lU. 



iha secrets impai'teil by Nature to ber anient devotees 
will undoubtedly become Aladdin Lamps of conveni- 
ence and usefulness some day. But one or two facts 
presented in the following piiges appear to become use- 
ful at once. These facts, which connect the actual 
amounts of atmospheric precipitation, pressure, etc., 
upon our world, as effects of factors which are readily 
calculable for any future time, though their applica- 
tion is yet only in its initial stages, would alone repay, 
it seems, the perusal of the entire volume. 

Considering the nature and scope of the subject, it 
is too much to expect tbat this first discussion of it (on 
the basis here employed) can be wholly, fi-ee from 
defects. The utmost pains have, indeed, been taken to 
guard against statements which might at any time turn 
out to be inaccurate. But, judging from the experi- 
ence of the past, it is really beyond the power of one 
man, or even of one genemtioii of men, to command 
perfect accuracy in a system so new and so vast, and 
with the (wrtly incorrect and very insufficient data that 
are available at the present time. It is confidently 
believed, however, that enough new truths are scat- 
tered throughout the work to more than compensate 
for the possible errnra which it may contain; and also 
that these truths, however unpolished and crude they 
may now appear, will yet obtain important places in 
the edifice of human knowledge. 

The author is greatly indebted to several scientific 
men for much valuable information which be could 
not conveniently obtain otherwise, and which, although 
they very likely could ill spare the time, they always 
promptly and cheerfully forwarded, however o^ea 
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similar favors had been asked before. To Gen. W. B. 
Hazen and Lieut. A. W. Greely, Chief Signal Officers, 
U. S. A. ; Prof. S. P. Langley, of Allegheny Observa- 
tory, and Mr. Q. W. Ilill, of the Nautical Almanac 
office, the author is especially under obligations for 
such aid. 

Brooklyn, Iowa ; 

April, 1890. 
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CosMiCAL Evolution. 



INTRODUCTION. 

If it luippeui to bd; of us ■« lo 

A man who looks at glass. 
On It may staj tis eje, 

Or, If be pleases, through It pati. 
And thea (be bettT«D3 espf ; 
' ire not ihOM heavens which are beyond the immediHle objects 
of our observation coloured h^ our prejudices, prepossessions, emo- 
tions, or ImagiDallou, as often aa they are defined by any profound 
itulgbliDto the depths of Nature's laws?— /V</. W. 11. Fimeer. 

J. The Riddle of (fie flmv&rse.^-The great, silent 
heaven in its ceaseless round of Sun, Moon, and Btars, 
mnst early have engaged man's profoundest attention. 
When his mind emerged out of the primordial darkness, 
and the barbarian struggle for existence had lallcd ; 
when his daily wants were supplied, and he began to 
have leisure from the pitiless toils of capturing prey 
or destroying his enemies — the mysterious, all-sur- 
rounding expanse, and the restless objects with which 
it was peopled, could not but excite his attention and 
wonder. And probably the earliest flights of bis 
fancy and exercise of his reason were directed to solve 
the grand riddle of his being and his environment. 

S. Pocket-Filling Ambition Versut the Stwiy of 
Nature. — There is a charm for man in the Rtndy of Na- 
ture. It elevates his soul to real greatness. It frees 
bis mind from stormy life, and thrills him with the 
parost joy. It leads him up to Irutli, and o|>ens his 
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view both to the cradle of bis esiBtence and to his goal.' 
Worldly life is a real exile for the soul — a confinement 
to the shallow joys and a|)pearunces of the present — a 
separation from the true joys and blessings which 
Mother Nature, ever young, bestows upon her children 
who cherish her, Tbe worldy soul, sometimes return- 
ing to itself in hours of sohtude, feels the emptiness and 
vanity of its chiefest aims, and is homesick. The many, 
contant to conform themselves to their circumstances, 
sink in tbe devouring gulf of custom, die, and are for- 
gotten. A few contrive to escape. It is no easy thing ; 
but, with indomitable energy and perseverance, they 
find their way to Nature whom they love, and wlio 
confers upon them her gracious bounties and reveals the 
secrets of her bosom regarding the true aims and hap- 
piness of mankind. These never die or are forgotten ; 
or they perish only witli the human race. Their labors 
and their memories are preserved and cherished, as it 
is right they should be. For sad indeed would be the 
condition of mankind to-day but for these daring and 
devoted few. The sun of civilization would not .yet 
have risen upon the world, and all people would be in 
the Cimmerian darkness of the lowest barbarism. 

5. Nature of Man^s £hrlMSt Conceptions of the 
ffeavens. — The earliest conceptions of man, as handed 
down to us in the legends of antiquity, may seem to 
us crude and childish. But nevertheless they have 
been of no small value. They were tbe first stepping- 
stones to the temple of knowledge, and without them, 
or others ei)nally as crude, the grander conceptions of 
Kant and Laplace could never exist. The ideas of the 
origin and mechanism of the universe which these 
legends convey are extremely various; for every 
isolated race and tribe had a legend of its own. Each 
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. the imprint of the peculiar conditions of its 
native locality ; and each attests that man's first atti- 
tuiie to the forces of nature was that of wonder, 
mingled with fear. Uis sole stand:ird of things and 
actions was himself and his life. Evervtiiing that 
moved he conceived to bo animated, and the move- 
ment directed by a personal will for some personal end. 
In countless different ways was the personification 
expressed. There was a ceaseless battle between the 
darkness and the light. In the raging tempest, when 
light and darkness alternately prevailed, the heroes 
of the spirit-land waged the war of their still unsettled 
hlood-feuds. The forked lightning serpent was the foe 
of the til under- bird. To the Aryans, a pastoral people, 
the Sun was the bull of majesty; the white clouds 
driven by the cljilUren of the morning to their pastures 
in the blue fields of the sky, wore cows from whose 
swelling nddei-s dropped the milk of heaven^ — the nun. 
In the dark clouds dwelt the mountain roblrer Vritra, 
the thief-dragon, who hired away the herds, until Indra, 
the suii-god, smote him with bis shafts and set free 
the imprisoned cows. In Latin guise, Indra and Vritra 
became Ilercules and Cacus ; in Greek myth, A|X)lIo and 
Python ; and in the Scandinavian legend, the grim and 
fearfal ogres sailing swiftly in their cloud-ships and 
Odin and his phantom crew. The rainbow was a de- 
mon oomingdown to drink when the rain fell; or the 
Heaven-ladder or bridge along which the souls of the 
hlest are led by angels into Paradise. The tides are 
the beatings of the ocean's heart. Volcanoes were the 
dwelling places of angry demons. And there were 
Spirits of the mountains, of the woods, of the winds, 
E the waterfalls. 
i. Various I^ends of Creation. — Tho more general 
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oonouptions were of a similar cliaraeter. In the 
Babylonian logend, liandcd down by Berosus, the 
goddess of Nature, mother of oJl, is cut in twain by 
Belus, chief of the gods, one-half becoming the sky 
and the other the Earth. Bclns, unable to bear the 
light which he thus created, cut off his own head; 
and from his blood, mingled with the dust of the earth, 
arose the race of men. 

In the Hindu legend, from llie lawa of Mann, 
Brahma dispelled the original dai'kness and gloom and 
created the waters. In the waters he placed a seed. 
The seed produced a golden egg of a thousand brilliant 
beams ; and in this egg Brahma gave birth to himself. 
He split the egg in halves, one becoming heaven and 
the other Earth. He then created gods and wise roan, 
who in turn created demons, animals, clouds, moon- 
tains, and rivers. 

The G reek legend of the Theogony is that in the be- 
ginningwas Chaos. From ChaoscameGaia,theEartb, 
and Tartarus dreadful and dark below. Then appeared 
beautiful Eros. The Earth gave birth to Uranus, the 
starry heaven, and to the mountains and the sea. Then 
Gaia and Uranus married, and from them sprang demi- 
gods and men. 

The Scandinavians conceived a yawning gulf south 
of which was a region of Hume, and to the north an 
abode ice«o!d and dark. Torrents of venom flowed 
from the north into the void, filling it with ice, but the 
flames of the south melted it and formed water. Out 
of the water arose Yniir and his wicked family of frost- 
giants. Ymir was slain by Odin. Vili, and Ve, and out 
of his flesh they formed the earth, from bis blood the 
seas and waters, from his hones the mountains, from his 
hair the trees, from his skull the heavens, from his 



IKTRODUOnOH. 27 

brains the floating clouds, and from bis eyebrows a 
wall aroand the earth to guard tlieni from tlie giant 
sons of Ymir. 

6. Primitive Astronomical Idtai of the Past. — De- 
scending from the universe as a whole, let us glance at 
man's earliest interpretations of its component parts. 
The Hindu conceived the Earth to be supported hy ani- 
mals standing one upon another, four elephants being the 
lowermost, their legs reaching all the way down. The 
over-arching sky was firm and solid like a hammered 
plate and rested upon the borders of the flat Earth. It 
had windows in it to let the rain through and gates 
through which angels descended, or through which 
prophets saw into the mysteries of the beyond, and out- 
side of which lived other people.* Tiie Sun, Moon and 
stars were father, mother and children, or heroes trans- 
lated without seeing death. Their movements are 
prompted by love, jealousy or revenge; sometimes borne 
across the heavens on the backs oF ancestors, swimming 
again to the east through the ocean, or tmnsported 
across by fishes waiting to receive them. The stars 
were men who climbed to the top of a tree, and were 
left in the .branches by the trunk being cut away. Tlie 
Milky Way was the place where the two halves of the 
sky were joined together. It was, also, like the rain- 
bow, theladder or the bridge whereby thedeparled pass 
from Earth to Heaven; the Red man's road of the dead 
to tho Sun ; the Itoman path of, or to, the gods. The 
Moon was chased by monster dogs or wolves that bit 
and wounded her until her blood liid her from the view; 
and, to render her assistance, a fearful noise was inaile 
to frighten the monsters away. Or she was continual ly 
hacked and maimed by the Sun for loving the morning 

•n>« PnlyoMliui tpna for a slrniiH'ir In *■ T"i|m!iiinil" "r hvHi-un-lnirMcr. 
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star. Eclipses were caused by ;»peat dragons tryn 
to devour the Sun and Moon. The Chinese and the 
nations of India beat brass kettles, and the Peruvians 
beat their dogs to make the monsters give up their 
prey. Meteors were the souls of the departed tak- 
ing their flight from Earth. And tlie Northern 
Lights were the sliades of ancestors in spirit dance; the 
brighter the tliLslics of the aurora the greater the mer- 
riment. 

6. Primitive Antrotiomtcal Tdeaa of thti Present 
— This is the childhood of the intellect;* and it is by no 
means confined to any single age. Indeed very gross 
conceptions of the heavens are entertained by our own 
coiitcmporariea. The Naina^pias, a branch of the Hot- 
tentots, regard the Sun as a lump of " clear fat," which 
seamen attract to themselves by enchantment during 
the niglit and spurn in \,\w morning l)ecaiise they have 
jio further use for it. The Moon is a man riding an 
ass, and wanes because he puts his hand up to his head 
when he has a headache. According to the Patagon- 
ians, two men quarreled over the parentage of a child ; 
as a result of which it was cut in two. one man taking the 
upper half and immeciiately flinging it in the sky. thus 
forming the Sun. The other sullenly let his lie on the 
ground; but seeing the glory of his rival's share, he 
waited till the Sun went down and then flung his part 
in the sky also, thus forming the Moon, whose paleness 
is owing to the blood having oozed out as it lay on the 
Earth. 

Nor are the savages entirely alone, perhaps, in the 

■ Pur Uiese leKends more ladctnil aiid loitay otbcn the rcailur taaf cnn. 
suit Eilw«rd nodd-9 ChadHooit of tht World. aiOMood of Itcltglfm. BtrtH 
and OruiMA i>/ JfytA. uul Frita aabultsa'a FellehltM ; wboiclii mnof otber 

authorities are ulted. 



iKTBODiJirrws. 29 

anthropomorphism of astronomical conceptions.* While 
the most of us have outgrowa such gross legends as 
that of the Maa in the Muoa, yet, to qaote the words 
of Prof. Flower at the third Newcastle meeting of 
the British Association, " It is impossible to be blind to 
tho fact that we who are engaged with the investiga- 
tioa of those subjects which are commonly accepted as 
belonging to the domains of physical science are nnfor- 
taaately not always, by virtue of being so occupied, 
possessed of that most precious of gifts, 'a right Judg- 
ment in all things.'" And again, "are not those 
heavens which are beyond the immediate objects of 
our observation colored by our prejudices, preposses- 
sions, emotions or imagination as often as they are 
defined by Nature's laws ? " 

7. 27w Daion of Aatrorwmleal Scieivce. — Although 
the oldest of the sciences, astronomy has been pretty 
much a concatenation of illusions quite similar to these 
from the earliest observations of the Obaidean priests 
dovm to the time of Copernicus, or the beginning of the 
sixteenth century. This specially applies, however, to 
physioal astronomy, with which this volume throughout 
will be chiefly concerned. 

In the earliest times the Earth was regarded as 
fixed, and the heavens as revolving around it every 
twenty-four hours. Pythagoras and his disciples 
(about 51)0 B. 0.) are said to have conceived the true 
heliocentric theory of the planetary world. But if this 
doctrine was taught at that time, it was soon forgotten 

* "l»mV<f\ M rroiB l.hlK polnl of vici*. wc on nnt refuse to reg«nl them 
Rbo*»lllow-lcuves' uf tbe ^lui'i Biirfiua!) ■u'>TVi'>>"'<«ci'w>(nuaniiiiin:Knnd 
pccullur Una. Biiil tbongh itwi>uLclbelou>larinKbi«pealior«ucliDrgBDlu. 
UoDMimtlaklnictiTUieBSture ot life. 7M *"> Know ilut vital ullon Is 
cnnipctcnt l/> rla*plop at onot^ tH»t. lUlit uiil r'lwtrJcltr.** — Sir liihn 
tUnrhtt. i|Ui>tnl hy Vtat. t.anirlcy in Ilis tVi'lwni .'Ini^nlnr, Vnl. VI, 717. 
Tbe "wUlMwIiMVM-- un hImuI MGO mi\a \oas by at>oat an mile* bnwd- 
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or ignored. Great geometrical and matbematical dift- 
coveries in astronomy were made by Uipparchus of 
Eithnia {about lGH-125 B. C.) and by Ptolemy of 
Alexiindria (uboiitl39 A. D.); and the geocentric theory 
of Thales (also accepted by all ancient philosopher 
of eminence, including Aristotle and Plato) waa in- 
vested with these discoveries and built by Ptolemy 
into the theory known as the Ptolemaic System, or 
Almagest of tlie Arabians. 

8. The Ahnagmt^ or Ptol^naic Syatein. — A glance 
at this venerable and at one time univei-sally approved 
tbougbt-stnicture may be instmctive. The belief that 
the Earth was the center of the universe Ptolemy sup- 
ported by the observed relations of the primary ele- 
ments. Thus earth, the most stable of the elements, 
held the lowest place and supported water, the second 
in order. Aix)ve water was placed air, then fire, then 
ether; the latter being supposed to extend indefinitely 
above all. In or above the ether were successive, con- 
centric zones or heavens, each heaven containing an 
immense crystalline shell or sphere to which was at- 
tached a heavenly body, and which revolved around 
the Earth carrying the body with it. The smallest 
sphere or crystalline surrounded the Earth and its ele- 
ments, and carried the Moon. The next in their order 
from the Earth carried Mercury, Venus, the Sun, Mars, 
Jupiter, Saturn, and the fized stars; eight in all. Later 
astronomers added a ninth, the motion of which caused 
the precession oF the equinoxes, and a tenth, or prt- 
mum mollle, revolving from east to west in twenty-four 
hours, and imparting motion to all the others. As 
geometrical observations increased in accuracy, it 
was found that the motions of the heavenly bodies 
were apparently not uniform. Sometimes a planet 
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moved slowly and at otbor times comparatively fast. 
This was explained by supposing that the Earth was 
not at the center of the sphere of that planet but more 
to one side, and that the planet, when carried past that 
side, would seem to move more rapidly owing to its 
nearness, and, when on the other side, more slowly 
owing to its distance. The path thus described by the 
planet with respect to tlie Earth was called an eccentrio. 
At other times a planet seemed to stand still, move 
backwards, and then rapidly forwards. This was 
really owing to the different positions of the planet 
and the Earth, and their different velocities, atvuud 
the Sun. But the Ptolemaic astronomers attributed it 
to a movement of the planet, not directly with the 
crystalline, but in a smaller secondary orbit, the center 
of which was a fixed point in the crystalline; so that, 
wlien the planet was in the outside half of the second- 
ary orbit, it moved rapidly forwards, and when in the 
inside half, it moved backwards. The path of the 
planet in this secondary orbit was called an epicycle. 

This theory of eccentrics and epicycles, UfKin still 
further investigation, was seen to be still further defect- 
ive, until finally it was found necessary to pile epicycle 
upon epicycle, and patch explanation upon explanation 
so much that Alfonso X,, of Castile, to whom it was 
being taught, was led to exclaim that " if the Deity 
were now to reconstruct the world, he (Alfonso) could 
give him a few useful hints." Yet this theory com- 
manded the approval of the best intellects of the world 
tor ahoai tiDO thousand ijeara, unA was replaced only in 
the Iwginning of the sixteenth century by the Coperni- 
can System. 

9. 7'A«Cop«vitca«-S'y»fc7a.— This system, which is the 
a now held, regank Ibe Sun as at rest in the center, 
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and the Eiirth and the planets as moving aroand it 
in ellipses. The general idea of this system was very 
probably first promulgated by Pythagoras, as already 
stated. But to Copernicus belongs the honor of its 
revival after the lapse of so many centuries. He at- 
tempted to explain for the first time the variations of 
the seasons, the precession of the equinoxes, and the 
stations and retrogra^lations of the planets, according 
to this system. But his knowledge of mathematics 
and mechanics n'as not great, and, to account for 
apparent irregularities, he was obliged to introduce a 
system of epicycles similar to that of Ptolemy. 

Subsequent philosophers, ho.never, sought to explain 
the motions oE the planets by a theory of vortical 
motion. This theory, probably suggested to the mind 
by the familiar phenomena of whirl-winds and whirl- 
jkkjIs, was in existence ages before this time, but the 
CV>pernican System awoke it into new life ami energy. 

Kepler {1571-1630) conceived the Sun to be a mag- 
net, the immaUrial substance of which was sent forth 
radially in all directions. These radiations rotated 
with the Sun, thus constituting a universal vortex, the 
motion of which carried with it the planets. The Sun's 
surface was attractive and its center was repulsive, and 
these two forces (which Erapedocles, about 450 B. C, 
designated "love" and "hate") was everwbere in 
equilibrium, so that a planet had no tendency to recede 
from, or approach towanis, the Sun, The departure of 
the planetary patlis from the circular form was ex- 
plained by supposing eiicli )ilanct to have an attractive 
and a repulsive side^ which are alternately turnml 
towards the Sun, The supply of solar emanations and 
their motion were constantly matnlaincil hy the Crea- 
tor, or by a spirit specially designtitwl for that employ- 
ment. 
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By means of the observatione of the great Tjcbo 
Brahfe (1546-161)1), to whom also ho was indebted for 
Vuluuble coutuul, Kepler discovered hia three famous 
laws. Uo also atBrmed the essential inertia of matter 
(Galileo's first law of motion); gave a complete theory 
of solar eclipses; ami Cidcululed the exact epochs of 
the transit of Ycnusand Mercury across the Sun's disc. 

To this same epoch also Irelougs the honor of pro- 
dacing the briUiiint genius of Galileo (1564-1042). To 
this great Italian we owe the discovery of the three 
laws of motion, the law of falling bodies, and the 
isochronism of the pond ulum. Renlso, with a telescope 
of his own invention, discovered the inequalities of the 
Moon's surface and the reflected nature of her light, 
the four BatcUiies of Jupiter, the ring of Saturn, and 
the movable spols on the Bun's surface, frora which he 
inferred the rotation of that body. For advocating the 
Copemican System and for promulgating discoveries 
antagonistic to the prevaihng creed, he was, at the ago 
of sevealj'. incarcerated in the Inquisition, and, after a 
long and painful trial, forced to retract the sublime 
truths which he had discovered and taught. 

10. 7'Afi VoTii4:al Theot'i/.^By far the ablest advo- 
cate and expositor of the Vorlical Theory was the 
Italinn philosopher, Des Cartes (159G-1650), lie as- 
sumed that infinite space is tilled with infinite mutter, 
which was originally chaotic and forroloss. In the 
beginning God created particles of nearly uniform 
BiM, each of which had an axial rotation. Groujis 
of snch also revolved about distant centres. Mutual 
friction n-Hucod the particles to various sizes, the 
smallest ol which was called tlie ■' tirst element," 
and the larger tho "second element," Vortices would 
in tho mass owing to wirae groups of revolving 
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particles being more powerful and energetic and 
subduing into harmonious movoinunt with themselves 
contiguous minor groups. As the vortical motion 
increased, the "second element" would remove from 
the center, the larger and more massive particles to 
the greater distance. But the " tirst element," having 
but little lunss, and consequently but little momentum, 
would chiefly fall to the center, and there aggregate 
into a sun. This sun rotated rapidh', and sent out 
emanations of its element upon the plane of its 
equator ; these emanations passing between the ])articles 
of the second element and carrying tliem forward; the 
nearest the most rapidly, because they had the least 



Some of the minor vortices subduetl by the aolar 
vortex, while they moved around with the latter, wonid 
yet maintain their own vortical movement, at the center 
of which would collect some of the first element, and 
thus give rise to planets. Other vortices subdued by 
the planetary vortices would in a similar manner 
account for the satellites. But some vortices would 
escape from the influence of the solar vortex, and these 
last would become comets. 

This really absurd theory was so ingeniously con- 
structetl and so elaborately finished in detail by the 
great intellect of Des Cartes that there was littlcdoubl 
of its correctness; and, indeed, it was the most plausible 
theory of cosmical mechanism at that time. It was 
advocated by many eminent scientists, and, for a time, 
maintained its ground upon the continent against the 
theory of gravitation. 

The German philosopher and mathematician, Leib- 
nitz, accepted the general cosmical conceptions of Des 
Cartes, but he modified them so far as to recognize the 
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necessity of a tangential force and a central attractive 
force to guide the motions of the planets. 

Leibnilz also conceived the germs ot geology. In 
liis Protogoea be plainly alatcsliis belief ibat our world 
Was primitively in a molten state; and that, in cooling, it 
formed a crust which, upon continued refrigeration, was 
crumpled up into mountain ranges and depressed into 
ocean basins. The action of water upon the plutonic 
rocks ground them down into sediment, which, collect^ 
ing into strata, was again solidified. Thus he coni- 
bine<l a^^ueous and igneous action as in modern geology; 
although long subsequent scientists, less wise, wrangled 
long and bitterly in favor of either. 

In various forms the vortical theory was promul- 
gated and defended bv many other philosophers and 
scientists. Gut it soon began to lose ground. When 
fairly contrasted with the new theory of gravitation, its 
flimsiness and absurdities became plainly apparent. 
Yet, in the words of Chambers' Encyclopedia, its author 
" is not to bo laughed at; inistakEis more ridiculous than 
Ills are gravely propounded at the present day." 

H. Tim T/i^ari/ f>f Gr<wii(i/i'oii.—S\r Isaac Newton, 
the illustrious EngUsh philosopher and mathematician, 
and founder of the theory of gravitation, was bom in 
Hiia, the same yt'arin which Galileo died a prisoner 
ill ihu Inquisition. It is said that in 11)65 the law of 
universal gravitation was suggested to his mind by the 
fall of an apple in his garden. Mightnot, he reasoned, 
thcsame force that caused the apple to fall, extend 
outwards to tht: Moon, and acting on that body with 
UR energy diminished by the distance, pull it continually 
from the straight path it would otherwise pursue, and 
so maintain it in its orbit luonnd Ihu Earth i No sooner 
did tills grand conception arise in his bniin than hv- put 
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it to the teat of actual calculation. Cut the knowledge 
of the Earth's mu^itiludt* in those days was very imper- 
fect, and Newton employed a value of the Earth's 
radius so larj^ that, according to the law which he had 
coneeivetl, the fall of a body upon the Eartira surfaco 
in each second should have been only 13,9 ft., instead 
of 10.1 ft., the actual fall, as previously determined by 
Galileo, This discrepancy was so great that he regarded 
the law of universal gravitation as irreconcilable with 
the facts, and he consequently abandoned it, uniil 
Picard, in 1670. obtiiined a more correct measure of 
the Earth. At least in the year 1684 it became known 
that he was in possession ofthe complete theory and its 
deraonstraliim, and in IC87 he was porsua<le<l by his 
friends to give it to the woi'Id in his famous Principin. 
Newton's law of universal gravitation may be thus 
stated : Every particle of matter in the universe 
attracts every other particle with a force directly pro- 
portional to the mass of the attracting particle and 
inversely proportional to the square of the distance 
through which it acta. Accepting this law provision- 
ally, Nowton proceeded to its demonstration. He first 
showed that the attraction of the Earth is precisely 
the same upon another body, as if its whole mass were 
compresse<l into one atom at its center. Then, at the 
distance of the Earth's radius from this point, the 
energy of its attraction, acconling to the law of grav- 
itation, is such as to cause a body to fall a distance of 
16.1 feet in one second. Calling the Earth's ra^lius 1, 
then the Moon's distance from the Earth's center will 
Uo alxiuL tJO, and to find the <^nerj,'y of the Earth's 
attraction at the Moon, tlie law of gravitation gires 
the following proportion : 

COO)' .(1)'- le.l f- ■■r: 
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wbenee 3, or the pull of tlic Earth's attraction upon 
llio Moon, is fomid to be alK>ut 0.00447 feel in each 
second. Knowing the Moon's [leriod of sidereai revo- 
lution around the Earth to be about twenty-seven davs, 
seven hours and forty-three minutes, and its distance 
from the Earth's center to be about 240,000 miles, then 
iLe Moon's orbital velocity would be about 0,414 mile 
per second; and by asimple geoinotrioid theorem, the 
actual pull upon the Moon towards the center of its 
mptioD ia ^(340,000)' + (0.64)' — 240,000, or about 8^ 
miles X 10-' or 0.0044 feet in each second. The actual 
puU and the theoretical pull are thus found to agree 
very closely ; and the demonstration was so simple, 
anil the accordance of theory wnd fiUit, out of the 
infinitude of possible discordances, was so striking and 
forcible that in a few years every scientist accepted 
it unreservedly; and it continues to he accepted with- 
out the least question or doubt down to the present 
day. 

But this is by no means all of Newton's theory ; 
indeed, it is only the foundation upon which that the- 
ory rests. Having found that his law of gravitation 
applied to the Moon, Newton next sought to apply it 
to the Earth itself and to the other planets. Know- 
ing the period of the Earth's revolution around 
the Sun and their distance asunder, he determined 
as in the case of the Moon and the Earth, the attrac- 
tive pull of the Sun upon the Earth in one second. 
This be found to be about 0,0O96 feet, which was 
just aboui .^15.000 times the effect which the Earth's 
attraction, extended to the same distance, would he 
able to accomplish. He concluded, therefore, that the 
Rnn'sattractioo.andconscqupntly his mass, was 316,000 
times as groat as tlio Earth's. This solar attraction 
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would cause a body to fall at the Sud'b surface a dis- 
taucu of about 437 feet in one second ; and taking tbis 
fall, the Sue's radius, ami tUo distance of every planet 
in succession, to form successive proportions similar to 
that employed in the case of the Eaitb and the Moon,' 
he found ihal the |)ull per second of this sup[Josed 
solar aitraction was very nearly the siiine its the actual 
pui! per second by which the plajiets were drawn 
towards the Sun ami maintained in their orbits. Here 
was additional and apparently overwhelming evidence 
in support of bis theory. But it was not all. The 
Jovian and the Satumian systems furnished still 
further evidence ; for it was found that the law of 
gravitation accounted for the motions of the satel- 
lites as fully as it did for those of the planets. Every 
member of ihe Solar System apjwared to be strictly 
ameuablo to that law. And thus, from the 16.1 feet 
determined by Galileo to l>e the gravjly-pnll in one 
second at the Earth's surface, did Newton account for 
the motion of the Moon, the Garth, the planets, the 
satellites, the comets, and even the stars ; for the phil- 
osopher Kant, the two llerschcls, the two Sti'uvrs, 
Argelander, Airy, and many other subsequent, as well 
as nearly all recent, astronomers a^ree that the Sun antl 
the stars have a proper motion about distant centers, to 
which they are held in the siime manner as the Moon 
is held to the Eaith, or the planets to the Sun, 

Thus, upon the solid haais of actual observation, 
with our own eyes, upon our own world, has the theory 
ol gravitation been constructed and extended to the 
whole universe; to which it applies with such apparent 
harmony and exactness that its implicit aci'eptance as 
the essential basis of physical science by the pro- 
fnunilest inteUects of the modern world is not at uU tci 
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19. J%e fibular ffgpati^4i».—KBt after Un 
l«nsion and geooral aocuputnoe of tb« theory of g 
tation, there yet rcaiuDeil facts wbkh vtn 
tRQxpUcabte. Tbv mere orbital ntotiuos of the f 
and satellites were made intelltgible, but bow i 
the planets and satellites tbetnsdvesf Wbetioee 
they and in icliat maooerl Uuw came tbeir < 
li« R«ariy in the same generai plane — that uf the S 
eqnator— and their motions, hjth of orbital rerolttt 
and axial rotatiofl, to be iDtfaesamegenefaldiredim — 
from west to east 1 And bovr.abo, did it happoi that 
there was an uiTariable relation betwem a planet** 
distance from the Sao, or primary, and its period of 
cinmlation around that body ) In these adjustments, 
Mewton could see only the finger of God. In his 
gr^ncral acboliiun, be proaoooces them to be the work 
of an intelligent and all-powerfal Being. 

There was one, however, to whom such an explana- 
tion yeas not wholly satisfactory — the great French 
mathemAtician,LapIace(lT49-IS27)L "Kigbt not these 
arran^incnts be an effect of the laws of mottuo 1 " he 
asks, '■ and might not the Supreme Intelligence, which 
Newton invoked, have cuused them to depend on a 
more general plienumeoou } '' And such a phoaomenon 
is, ocoonling to his conjt-ctore. "thai of a oebaloBs mat* 
ter dispersed In masses throughout the immensity at the 
lienTcns.'' In a note at the end of ha S!/tU7M Ifu Monde, 
Liplace expunds tbi^ general idea more into details. He 
commences with a aniversil nebulosity "so difftisetbat 
its exisLencv is barely ima;nn!ilj]e." This uebuloatr, 
nggregated into iiuiivldual miijsse&, some of which be- 
came stare and one of which r 
Throngh the agency nf gravj 
maseee would concuuLidU' iindd 
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or vortical motions of flocciili towards this nucleated 
mass-center giviiif^ rise to a rotation of the whole mosK. 
Thus after a time our system consisted of a dense 
nucleus, or tlie Sun, surroundtjd by a vaporous atuios- 
phere which extended " heyond the orbits of all the 
planets." "The atmosphere of ti)0 sun could not 
extend outwards indefinitely ; its limit would be the 
point where the centrifugal force due to its movement 
of rotation would counterbalance gravitation. But in 
proportion as cooling contracted the atmosphere, and 
condensed at the surface of the body the molecules 
located in that region, the movement of rotation 
increased by virtue of the principle of areas," And 
the velocity of rotation becoming greater and g;reater 
as the solar atmosphere contriu-ted more and more, an 
equatorial ring would eventually be left behind by tho 
contracting vapor. This ring, which is supposed to 
have had considerable breadth, would not be of uniform 
density and tenacity in all its parts ; and would conse- 
quently fracture and collapse into a sphere ; tlmspheie 
having an orbital motion around the Sun derived 
from its original rotation with that body, and an axial 
rotation caused, and its direction determined, by tlie 
greater absolute Velocity of the outer portion of tlia 
ring. This process would continue in the Sun's atmos- 
phere until all the planets and planetoids were suocfiss- 
ively cast off and left behind. But in the meantime 
some of the planets, in contracting from th& vaporous 
condition, would also acquire a rapid rotation and cast 
off rings of vapor which would dismpMnto satellites. 
The present ring of Saturn for some extraordinary 
reason still remains unbroken, although it ia supposed 
to be either vaporous or composed of discrete particles. 
The comets are entire strangers and their origin 19 
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"s the "nebular bypothesis" of Laptaco re- 
ganliDg ibe origin of the Solar System. It is, more- 
over, with very little modification, the view now held; 
but it may be stated here that recent eminent astron- 
omers are beginning to discover insuperable difficul- 
ties in it. 

13. Astrmwmical ScienceStUJiii Infaiunj. — Having 
thus rapidly passed in review the earliest astronomical 
ideas down to the most recent cosmological concep- 
tions, we may here pause for a moment's reflection. 

One thing this glance at our past physical views is 
well calculated to impress upon our minds, and that is 
their probable immaturity and incompletenesG. Tli© 
history of physical astronomy seems to be one of suc- 
cessive illusions, each tenaciously held tor a time and 
given up only with reluctance. The most chimerical 
ideas of the heavenly bodies, their motions, their 
nature, and their origin, generally prevaile<i up to 
the 15lh century ; and it was only in thu last cen- 
tury that any thing like true ideas of the mechan- 
ism and origin of the Solar System began to be 
ontertuined. Indeed, as already remarked in the 
preface, the human intellect appears to be only in its 
infancy. Not only is it true that the number of men 
who have intelligent ideas of the mechanism and laws 
of the universe is extremely small compared with the 
number of those who entertain very primitive ideas, 
or who entertain no ideas whatever regarding the sub- 
ject, bat even these intelligent ideas are but recently 
derived from their fallacious predecessors; and being 
tbas recently bom of error, it is really very improbable 
that they can be wholly free from error themselves. 

The human race may be compared to a healthy and 
acUvQ ohild just beginning to exercise its reason; but 
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with the difference that the former has no tutor.. 
has to answer its own inquiries and to explain its own 
difficulties. Consequently it makes mistakes which, 
however, owing to its activity, it soon discovers and re- 
places by others less palpable. Such seems to be our 
intellectual progress, finm gross misconceptions to mis- 
conceptions less gross. And, if our existence and our 
progress is to continue, such in all probability will our in- 
tellectual progress continue to be for many years to 
Come. 

14. Current Acceptance of Scientific Dogmas. — 
With this history of our intellectual development be- 
fore us — a history of successive escapes fi"om sense- 
illusions — a history of man's imphcit faith and confi- 
dence in the truth and perfectness of his newest con- 
ceptions of Nature, and of his subsequent discoveries 
that Nature is yet quite different from his newest con- 
ceptions of her — a history of the fallacies and rejection 
of all theories but the last one, and of the unqualified 
approval and acceptiince of this one as a demonstrated 
law;— with such a history of our progress in the past, 
for our present guidance, it seems that we ought to 
have learned to be liberal towanls new ideas, and to 
regani our present conce|>tions as very liable to be fal- 
lacious like all their predecosoi-s. The fact, however, 
h.i8 every apjwaranco of being the contrary. The 
present theory of gravitaton, c. (/,, is regarded by nearly 
all scientists as a fully demonstrated fact. No recent 
physicist questions it, and appai-ently never has (jues- 
i.'ii«j>d it, but has fully accepled it upon the authority 
of its illustrious expounders. 

Thus "owing to the temptation to accept us still 
sufficient any time-honorwl scientific dogma having re- 
speclable sponsors.''* it becomes possible that seriouei 

• Prof-S.P.l^nylgy, 



iNTKonccnON. 43 

errors are, as they certainly hare been, propagated by 
Tery inlelligent men. They Lavo little, if any, doubt 
of the truth aud perfectncss of current scientilic doc- 
trines. They do not exercise their reason at all in their 
investigations. Thoir minds are satisfied witli the evi- 
dences adduced, and the raagniiicent talents displayed 
by their propounders. Their respect and reverence 
for these raagniQconl talents is so profound that it in- 
vests the doctrines and protects them from criticitiiii 
as the wax protects the copper-plate. In more subor- 
dinate matters their acumen is great, and their investi- 
gation thorough ; but the matters of prime ini|K)rt- 
aiice are as if preserved under loclt and key fi-om the 
dangerous pryings of reason and investigation. But 
in science nothing should be held so sacred as to bo 
above the strictest scrutiny with the light of reason — 
not once for all, but frequently; for that light becomes 
ever brighter and more searching as our laiowledgo in- 
creases with our increasing years. 

Now, aside from these general considerations, there 
are many reasons for believing that the theory of grav- 
itation, as modified by the nebular hygKithesis, is erro- 
neous, hlce its predecessors. It is unquestionably a 
great deal nearer to the truth than any of the theories 
which have preceded it. But that it is still essentially 
dtfective will be made tolerably plain, it is thought, 
U'fnre this work is brought to a conclusion. 

15. Plan of This HVit:.— Perhaps this should be the 
proper place to show wherein the defection of the pres- 
ent theory lies; and after this defection was demon- 
strated, then a new theory might be broached and sup- 
ported by the various phenomena of nature in succes- 
sion, IJnt upon fuller cnnsidunition. it lias been thought 
adnsable tliatanew theory should be broached &'t%^.^%.\t, 
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intelligent idea of its nature obtained, nnd an applica- 
tion of it nmJe to explain a few principal phenomena, 
such as the sunspots, the zodiacal light, the 8olar corona, 
and the variations of atmospheric electricity, precip- 
itation, pressure, etc. — each of which has hitherto 
remained inexplicable by all previous theories. After 
the new theory is thus placed upon a sufficiently cred- 
itable basis to admit of comparison with the present 
generally accepted and therefore highly respectable 
theory, then we may examine, not only those phe- 
nomena for which the present theory is held to account, 
but also those in which that theory confessedly meets 
with insurmountable difficulties. The accordance or 
discordance of each theory with each of these phenom- 
ena will be pointed out, and the reader will be left to 
form his own judgment as to which of the two is really 
the most entitled to credence. In the first place, after 
giving an approximate idea of the new theory, we may 
take a cursory glance at the two theories with respect 
to a single factor. The current theory involves the 
real or supposed entities or properties, matter, motion 
and force, of which the new theory employs only the 
first two. And a moment's preliminary comparison of 
the two theories in this respect may not prove wholly 
uninatructive. 
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INTRODUCTION TO A NEW THEORY. 

Men of science do not pledge llitinaulvfs to creeils; tliey ue 
twund bj nrticleis ol no sort. Tlierc is nut u single belief that ft is 
nr>l a iKiiindcii duly with tliem to holi] with n light band, and (opart 
wilij it cliterfully, lie moment it is proTed to Le conttiiry to nay tact 
great or small. Pmf. Huxley. 

Ifi. MfiUcular Bonds. — The ultimate characteristic 
subdivisions of a chemical element have been regarded 
by modern scientists as possessing a number of bunds, 
or "lines of affinity," hy means of which they unite 
with other siniil;ir subdivisions to form chemical com- 
pounds. If the element is a inonad, a diad, a triad, or 
a tetrad, the number of uniting bonds of its ultimate 
chemical subdivisions is supposed to be one, two, three, 
or four, respectively ; and upon tiiis system of bond 
values, or valency, of the elements, all chemical com- 
bimitions, 03 well as the atomic weight and important 
elcctrio proirerties, are found to depend. Not only are 
the ultimate elements thus united together, but the 
larger units into which they combine have also con- 
necting blinds proper to themselves liy which they can 
aoito with olhurs; and so on, from the siniplesL lo tlic 
must complex molecule. 

17, I'landary Bunds. — If now, with John Ik-r.i- 
palli, we tidie the view that " j,'ravilatiiin, cohesion ami 
nllinity are but the same thing iindi'r dilToiTnt molill- 
calions;"* ifalsOtWitli Or .lules(;uyotand others, we 

*Jnnali of PM<ifophu. mf: Vol, VIII. pp. fiS-g. 
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regard an ultimate molecule of matter as a highly 
complex or organized cosmoa* (which, indeed, np[>ear8 
to be sufBciently demonstrated liy the definite multiple 
periodicilies oxhiiiit^d hy gaseous spectra) ; and, Hnally, 
if, with Marc Seguin, wo admit that the molecules of 
bodies "circulate around one another so that each 
body, though it a])pears at rest, has really a certain 
quantity of motion, whose measure will be a function of 
the mass and the v-(;locity of the molecules in molion"t — 
what real difference, except relative magnitude and 
complexity, can we perceive between the ultimate 
chemical elements, or molecules, and the ultimate cos- 
mical elements, or heavenly bodies J and why should 
not tUe latter have connecting bonds, by means of wbicli 
they remain attached together in a cosmjciil molecule, 
or system, just the name as the former do in a chemical 
moleculeJ There is really no difference, except in the 
respects named, between a molecule and a world. The 
molecule consists of a vast number of different smaller- 
molecules, of whose properties we know little or noth- 
ing; but whose existence is demnnstrateil by the spec- 
troscope in the innumerable lines of different refrang- 
ibilities into which the light from an elementary gas 
or vapor is analyzed. Of these different lines, each 
implying a distinct and different kind of motion, the 
spectrum of the simplest known molecule, that of hydro- 
gen gas, exhibits no less than 1600, J besides countlegs 
others which still more powerful instruments would 
probably reveal to us. The molecule, then, is composed 
of a vast number of sub-molecnles, and the world or 
planet is composed of avast number of molecules. And 

•ProK ScientWpf- '^81, III. 130. 

IThi KainbuTgh FtttlotophKOl Journal, Oct. 1831; X, S8fr& 
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no reason, whatever, appears to be assignable why the 
larger aggregate of molecules should not bo connected 
witli each other by means of bonds, just the same iia 
the smaller aggregate of molecules. 

We can not say that ive have no evidence of iho 
existencti of planetary bonds as we have of tlie 
iiiolocular bonds, because there are too many phenom- 
ena in the heavens, of the nature of vt'hich we con- 
feiisedly know absolutely nothing, and which may 
really torn out to be the very things in question. 
What are the tails of the comets ( The astronomer 
frankly states that he does not know. But may not 
these curious api>endages, which are seen to increase in 
niugnitudo as they approach the Sun. bo owing to the 
accumulation upon the comet of the bond-substance, 
which extends between itself and the Sun i What are 
the long atreamei-e which are seen to project to several 
millions of miles outwards from the eclipsed Sun! 
Again, the astronomer answers that he does not know. 
Bui may they not be the connecting bonds of iho 
planets and of distant sister suns with the great 
central boily of the Solar System ? It is true that the 
O'Tonal streamers are not seen extending out sn far as 
tiiese bodies; but owing to their extreme tenuity, isji 
not reasonable to s»ppo.se that they would not be visible 
to us individually, except in rare cases, though they 
might very likely be so when two or more of them 
wonM conjoin near the Sun's surface, and where cx- 
tmmely rare vapors from the latter might also contri- 
bute to their visibility i What is the lUHliacal light, or 
the luminous band which, before dawn and after 
twilight, is observed in favored liwalilies, to extend 
from the Sun outwards, apparently to the Milky Way, 
BDd almost to tho utmost bounds of Ihe starry system I 
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And still the astronomer can furnish but the same 
iiiiswer. Surely, tlien, before it can logically be denied 
that the planets bave bonds by which theyare aitached 
to one another, these so-called mysterious phenomena 
onght to be accounted for in some other reasouablo 
way ; for they certainly seem, even at first glance, 
to be, in all respects, similar to just such appearances 
as we should expect such planetary bonds to make. 

18. TJie Essential Prtncij)le of the New Theory. — 
Now, this is the principle, almost the sole distinguishing 
characteristic of the Wew theory, namely, that every 
known heanenJy J>ody )e conneded roith its neighhorijig 
heavenly bodies hy mean&. of recti, materia/ bonds, and 
that every phenomenon of the universe, without exception^ 
is due soldy to the action of bodi^ upon one another 
tArovyh, and hy means of these bonds which Join them 
togdhei: 

19. 77(0 Idea of Force. — Coming at the subject 
from another direction — we know that all the planets 
of the Solar System move in nearly circular paths 
round the Sun. Let us ask the astronomer what holds 
the planets from moving outwards from the Sun in 
performing these revolutions, just as a stone is pro- 
jected from a revolving sling! His answer by the 
present theory is — The force of gravitation. But what 
is the force of gravitation % Is it a material existence 
like air, or a comet's taill No, it is not matter of 
any kind, however subtile; it is immaterial. Is it a 
motion? No; "gravitation .... is not a motion, nor 
is it the product of any motion." Then what is itil 
Well, it is — just Force 1 It is not matter, nor motion, 
nor mind, nor time, nor space. It is indefinable, incom' 
prchensible, inconceivable! 

" But," excluims the critic, '* no scientific theory ifl 
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final until its ultimate postulate is incooceiTable." 
" Fop if the successively deeper interpretations of nature 
wbicb constitute advancing knowledge are merely suc- 
cessive inclusions of s|)ecial truths in general truths, 
and of general truths in truths still more general, it 
obviously follows that the most general truth, not ad- 
uitliog of inclusion in any other, does not admit of 
interpretation. Manifestly as the most general cogni- 
tion at which we arrive can not be reduced to a more 
general one, it can not be understood. < )f necessity, 
therefore, explanation must eventually bring ns down 
to the inesplicablo. The deepest truth which we can 
get at must be unaccountable".* It is indeed true 
that continaed explanation will at length bring na 
down to the inexplicable; but this does not appear to 
be a sufficient reason why we should permit our im- 
agination to multiply inexplicables unnecessarily. 
There must, of necessity, be owe thing that is unEUccount- 
able; but it by no means follows from this that there 
must be f^o. Yet the ultimate nature of matter is 
inexplicable, and here is added to it the inexplicable 
entity— Force. Now matter is something which wo 
know to exist, if we know anything ; and no one has 
yet observed, or even conceived the idea of, force sepa- 
rate from matter. Physicists do indeed hold that one 
portion of matter acts upon another portion through 
absolutely empty .tpace either great or small. They 
held first that the Sun's force of gravitation acted 
upon the planets through an absolute void ; but 
they subsequently concluded that the space between 
the Sun and the planets was by no moans a void, 
but contained a material fluid which they called 
iPthCT. This, then, appears lo disjiose ot the force 

• UFrticrl SpmiiHir. Fltut fYHicipbi iSvound KilltlnUJ, p- TV, 
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of g;ravitatioD in any single known instance in the 
whole universe as acting through, or in, a space 
devoid of matter. When it was found necessary to 
abandon the idea of interplanetary vaeuuo, it was still 
huM that the intermoieciilar spaces of the lether itself 
must be absolutely void, and that its molecules and 
atoms must be held together by means of a force acting 
through these absolutely void spaces. But, perhaps, 
when we get a little older and wiser (for which there 
appears to be ample room and opportunity) and learo 
a little more about Nature, we shall find that the 
intermolecular spaces are no more devoid of matter 
than the interplanetary spaces — that, in fact, "Nature 
abhors a vacuum." Dr. Balfour Stewart says: "Till 
we know what the ultimate nature of matter is, 
it will be premature to 8[>eculate as to the ultimate 
nature of force ; though we have reason to believe that 
it depends mion the diffusion of highly attenuated 
matter throughout space."* But, really, would it not 
be more ia accordance with the law of parsimony, 
which is everywhere manifested throughout nature, 
that we abandon the idea of force, as well as the specu- 
lations regarding it, at least until we find (what we 
have so far failed to do), that the attenuated matter 
iv'hicb is regarded as the vehicle of the supposed force, 
and upon which it is beheved to depend, is itself qnite 
incapable of performing the functions ascribed to th© 
supposed entity i Wo know tliat matter e.\i8ts. We 
du noi know that force exists separate from matter; 
and we do not know that matter is incapable of per- 
forming all the functions ascribed to force, beimuse we 
do not know the ultimate nature and capRbilities of 
matter at all. Really, then, it appears to be nothing 

•North BrUlah Hfi'Irf. Feb..1Wi. 
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loss than unscientific and illogical tu endeavor to ex- 
plain tlie inexplicable nalui-e of a known entity ^y the 
sup[)ositioD of anotler entity ten-fold more inexplica- 
ble ihun that nbicli it endeavors to explain, And llie 
absurdity becomes niucb gi-euter and more iipiwirent 
when that wliich was sought to be explained confess- 
edly remains as inexplicable as ever. 

UK All-Svfficieiicy of Matter and Motion. — Matter 
and Motion can, in all probability, account foi' every 
phenomenon of wliicli we are sensible; in fact, the 
latter appears to be iin essential property of the former. 
How matter originally came to be endowed with this 
property is something that we do not know at the 
present time; but we may possibly gain some idea of 
it in this work, and perhaps find it out fully next year, 
or next century. That motion ap^Kjars to be an invari- 
able characteristic of matter in every form and state 
known to us is sufficiently evident from the undulatory 
theory of hetit and li^ht. The book tying upon the 
table, the stone resting upon the groimd, are e^cb a 
volume of motions; and by the difrei-eiit motions of 
each are we atone able to distinguish them as to color, 
form, heat, sound, tast«, smell, or touch. This much is 
now generally admitted. Eut we may go still further. 
Our own boilies are complex aggrrgateti of motions of 
many differi^nt kinds ; and we become sensible of tlie 
pro|>ertics of the different kindsof matter simply M 
motions of the tatter affect the motions of our bodi 

31. One Grand Chain of Caimaliun.^ll is 
idea, wliicli originated, it is said, in the gl^!a^ 
Newton, that all the ditfcrcnt f"i-ms of mtltter 
snns down to nioleculns are the producls of stttno 
nrnUicrof one continnous proccai of cosiiMWil 
tioo in the past. This idea now appears tu have 
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concurrence of all speculative minds. And if tliis idea 
(moditied in accordance with the new theory only by 
regarding the process even now as in full blast) is the 
true one, wlmt we should at unce endeavor to do is to 
trace all tliesucceBsive stages of this process from the 
original, homogeneous, rotating spheroid of star-mist 
down to the microouamio domains of the atom. 

Now if, from the rotation of the original spheroid, 
the planets have derived, by this process of evolution, 
the circular motions which we observe them to have, 
may we not reasonably suppose that the succesaively 
smaller and smaller divisions of matter which would 
result from the more and more advanced stages of the 
same general process, also have circular motions, just 
as the planets have ? We can thus dimly (reiveive some 
further justilication, aside from spectral evidence, for 
the notion that molecules move in circular orbits, just as 
the planets do. This notion is direclly opposed 1o the 
kinetic theory, which is the one now taught and which 
implies only rectilineal vibrntions of molecules. It is 
also of some importance in the new theory; and for 
these reasons, perhaps, it is entitled to still further con- 
sideration. 

23. Orhttal Mol-^citktT Jlfchon.— Priibatily the best 
justification of the idea of molecular orbital motion 
is the perfect manner in which the phenomena of 
heat, light, gravitation, etc., admit of explanation by 
means of it. Thus heat is admitted to be a <>pecirs 
of motion: increasing the heat of a body therefore 
increases its quantity of motion ; and incrpaaing its 
motion causes the body to expand — in precisely the 
same manner tliat a planetary orbit would e.vpand if 
the planet's absolute motion were increased. Tbo 
intermolecular connections furnish the means by wtuob 
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motions are communicated from one molecule to an- 
other; for while one set of connections would lie 
betweiin the revolving parts of the molecules and the 
central parts, another set would connect the revolv- 
ing parts of contiguous molecules with each other. 
These latter would therefore serve much the same pur- 
pose for the molecule that the side-bars or connecting- 
rods do for the driving-wheels of a railroad engine: the 
power being applied to one wheel, or mnlecitte, the con- 
necting-rod communicates it to the adjoining one — the 
sole difference being that in the molecule the connect- 
ing-rod is highly elastic while in the engine it is rigid. 

This also explains the various beat-conducting prop- 
erties of various bodies, which would obviousily depend 
upon the degree of their structural complexity. If the 
struclurat complexity is groat, the nearly contiguous 
molecules would be connected in a very round-about 
way. In this case we should obviously have a poor 
conductor. In a good conductor tJiere would be a 
parallelism of the planes of motion chiefly to one par- 
ticular axis of the body, and a simplicity of structure 
admitting the direct connection of the bodies circu- 
lating in these planes. In some bodies, such as certain 
crystals, the molecular motions lie chiefly in one plane, 
in which therefore the conduction is good, but poor in 
the transverse direction. 

The undulatory theory of heat and light would 
Uins be transformed into a circulatory theory. And, 
indeed, the circulations are really undulations in the 
pianos of motion, so that the two theories are, in this 
respect, by no means so different as they might at a 
first glance appear. 

t. Orbital Planeiary Motionnatid Co^nioal Gravi- 
tatioR. — Kow if the molecules have orbital motions Uku 
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the planets and are yet connected together by material 
bonds, why may we not i-easooably suppose tliat the 
pliinets — which we Imow to have orbital motions, and 
which are subdivisions of matter derived from an inter- 
mediate stage of the same general process of evolution 
which produces the molecules — are also connected 
together by material bonds Uke the molecules? On 
the basis of this supposition we can at once approxi- 
mately understand how the heat and light motions of 
the heavenly bodies are transmitted to one another by 
means of the molecular motions of the material bonds 
connecting them. And we can also faintly perceive 
the mechanism by wliioh the planets are held to the 
central body of our system, and by means of which 
also a body falls to the Earth's surface. For the 
connecting-rods of the moleculee reasonably jiossess 
strength just like other material, nlihough they also 
possessgreat elasticity. The vast numbers of them in the 
bond holding u phinet to the Sun would thus be enabled 
to withstand the ordinary strain of the circulating 
planet. But if the motion of the planet would become 
greater than ordinary, the elastic bond would graduaUy 
yield, the planet would move out into a larger orbit 
where the centrifugal strain would become less, and so 
an equilibrium would be attained and the planet pre- 
vented from moving away from the Sun. If the 
motion of the planet would become less than ordinary, 
the elasticity of the bond would draw the planet i n wards 
where the centrifugal strain would become greater, 
and thus check the planet from greater approucli 
towards the Sun. 

24. Orhital Mokcvlar Motiont and Terrestrial Orav- 
ily. — Also it is manifest that the innumerable bonds con- 
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necliug a planet — the Earth, for instance — with the 
other heavenly btHiies. would form an atmosphere of 
connective substance all around it, to the density of 
which any one of the bonds contributed but a very 
small degree. Now, at the Earth's surface, the density 
of this connective atmosphere would be comparatively 
great, and it would gradunlly diminish with the 
distance away from that surface ; in fact, the density 
would vary inversely as the square of the distance 
from the Earth's center, as very simple geometrical 
considerations may readily demonstrate. Suppose now 
a body suspended in this connective atmosphere (tlje 
presence of the air being disregarded for the sake of 
simplicity), the connective subKtunce pervades every 
molecule of the entire IxKlyj the connective molecules 
form bonds, or connecting-rods, with the molecules of 
the body, and the latter molecules by means of the 
circular motions of the former and the elasticity of the 
connecting-rods uniting them, are strained or drawn in 
all directions. But, as more connecting-rods are joined 
to the molecules of the body on the tower than on the 
upper side, because the lower connective density is the 
greater, there is a surplus of strain upon the body from 
below, and consequently it is drawn toward the 
Earth's surface. 

25. Necesstny IncompUUneis of these Views. — Thus 
by means of this new connective theory of cosmical 
arrangement, we obtain some conception of the 
mechanism of the phenomena about us without any 
resort whatever to the occult notion of force. We have 
indeed used the term daMticily; but there is nothing 
involved in this term that is not involved in matter and 
motion. Elasticity, in the connective theory, is nothing 
more than the centrifugal tendency of the orbital 
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motions asserting themselves against external pressure 
or strain. 

It is necessary to caution the reader, however, that 
the ideas of the mecbanisra of the processes of nature 
which wo have thus hastily obtained, are extremely 
crude and incomplete. To gain an approximate idea 
of the mechanism of nature, we must, as ab-eady inti- 
mated, hegin at the beginning, say of the Solar System 
as such, that is, the primordial slowly rotating solar 
spheroid, and we must follow its development into plan- 
ets, satellites, sub satellites, coniets, meteorites, etc., step 
by step down to the generation of the molecule. With 
the still crude but proximate ideas thus gained, we are 
to go over the same ground again, beginning with a 
more extensive system than that of our Sun. And 
after thus correcting and re-correcting our ideas many 
times, at the cost of almost infinite labor and pains, 
we may hope to attain to nearly iierfect views of the 
processes of cosmical evolution which we sec going on 
around us. 

26. liccHlinea}. Molecular Motion. — In the preceding 
introductory remarks regarding the new theory, molec- 
ular motion has been spoken of as cia-ular or orbital. 
As the assigned limits of this work will not permit tho 
vast domnins of molecular phenomena to be even cur- 
sorily glanced at, it may be well to remark here that, 
although all molecules undoubtedly exhibit signs of 
circular motions, all molecular motions are not neces- 
sarily circuhir. In the gaseous and vaporous states of 
matter, it is clearly deducible from the new theory that 
some molecular motions are nearly rectilinear — just as 
in the Solar System the circular motions of the planets 
are accompanied hy the almost rectilinear motions of 
comets and meteorites. Indi-cd it is by the Iransforau* 
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tion of orbital molecular motions into rectilinear patbe, 
through the application of heat or some other form of 
motion, that tlie generation of gases and vapors from 
tbti solid or liquid state, and the accompanying pressure, 
are explicable by this theory. The same explanation 
extends niso to the case of explosives, in which many 
kinds of circular motion (though by no means all) of 
the highly compound molecules are in an instant trans- 
formed into one rectilinear motion, the velocity of which 
ia the aggregate velocity of all the different kinds of 
orbital motions destroyed. 

27. Purpose and CrmneGium of these Ohseroatwna.— 
These phenomena all belong to the microcosniic 
domains of heat, light, electricity, magnetism, etc., the 
consideration of which properly follows that of the 
grosser cosmical phenomena; but which wo shall not 
have the op{>ortunity to discuss in tins work. The solo 
justification for the introduction <if the one or two 
instances from Ibis domain in this place is the endeavor 
to elevate tbe new theory to such a degree of our 
respect as it is hoped will gain for it at least the seri- 
ous attention of the reader in the more important inves- 
tigations which are to follow. 

We shall now assume, simply as a matter to be 
credited or discredited from the results of the follow- 
ing inquiry, that the heavenly boilies are all connected 
with each other by material bonds, or conn&rions, as 
we shall henceforth distinctively term them. If such 
connexions really exist, it seems obvious that, as the 
distant^ between any two bodies diminishes, the sub- 
stance of the connexion between them would accumu- 
late upon each; and that, as the distance between 
them incrcaiKs, tbo connective substance would be 
dntwa out of their respective atmospheres. Now it 
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tjiihstance woulil accumulntt; to a great exttnl upon the 
the Earth in this manner, certain mcteorotogical effects 
would be produced, and Ihiit, when it is drawn away 
from the Earth loan etjtiul exlent, oiiposite ineleor- 
ological effects would follow- — bulii of such magnitude 
as to admit of observation and measurement. Exlen- 
sive and long-continued accumulation of conneciive 
substance would be most likely to cause increased 
atmospheric electricity and piecipilalion ; and excessive 
and long-continued wiihdniwal of the conneciive sub- 
stance would liliely cause a diminution of ihese ele- 
ments. 

Actual observation appears to have demonstrated 
that we have periods during which alniospbcric elec- 
tricity and preci))itaiion are excessive, and othei-s dur- 
ing which tbey are deficient. And if, after c(imputin(f 
the periods during which the interplanetary connective 
substance would accumulate in, and be withdrawn out 
of, our almosphere, it be found that these correspond 
respectively to the excessive and the deficient periods of 
atmospheric electricity and precipitation as far back as 
records extend, we shall thus not only have excellent 
ground for believing that the assumption with which 
we started is true, but wc shall also have a valuable 
basis for at least a partial prediction of the weather 
and other related plu'nomena. And if also we find 
that all the hitherto mysterious phenomena within the 
scope of our inquiry, such as the sunspots, the zodiacal 
light, the solar corona, are incidentally explained in a 
clear and simple manner by means of the assumed 
interplanetary connexions, as the inquiry proceeds, 
it would seem at least not to imply any presumption to 
place the connective theory on the same plane of trust- 
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worthiness and cn;ilibiliiy with tlio tlieorv of gravita 
lioo. Tlie just ccnupetilion of the two in tho suhsn- 
quent investigations will surely entitle the one or tlie 
other to an impartial jnttgraent from the reader as to 
it« superior ability to ex[)laiti and account for the vari- 
ous cosmical phenomena. 

28. Prevmeaa/tid, Scoj>c of thh PiirHiin i<f the Inquiry. 
— Let it be granted, then, that every planet of the Solar 
System is connected with the Sun by a primary bond, 
or connexion, with every other planet by a secawfan/ 
connexion, anil witli other heavenly bodies by connex- 
, ions of various degrees of kinship ; and let it further he 
gr-unted that these planetary connexions arc in every 
case material and highly elastic, though they raay quite 
reasonably decrease in density and some other import- 
ant respects with the remoteness of reJatioosliip of the 
bodies between which they subtend, and thuugb oven 
tlia densest or primary connexions nuiy be almost as 
tenuous as entities now regarded as immaterial. 

We are to consider the case of the Earth as possibly 
affected by those supposed planetary connexions. As 
our phtnet circulates annually around the Sun, it alter- 
nately approaches towards, and recedes from, each of the 
other planets as well as the Sun itself; and these alter- 
nate approaches and recessions involve, according to 
our supposition, alternate accumulations and drains of 
the connective sub.stance in our atmosphere. Presum- 
ing that these accumulations and drains would affect 
Uie quantities of electricity, precipitation, etc., we are 
to calculate their actual amounts for each month in the 
year in the cage of each of the most imgwrtant bodies of 
the Solar System for a period of years sufficient to deter- 
mine the law, if such there he, which governs the rcia- 
tivG quantity of connoctire substance in our atmottphere 
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29. Clasaijkation of Connexiovs. — At a first glance 
the vast number and various kinds of connexions, 
which, according to our premises, would fall upon iho 
Earth, appeal's amazing; and the reduction to order and 
I ho determination of their variations seem utterly 
impossible. Moi-eover,to determine the retativeamount 
jf connective variation due to any body with which 
the Earth ie connected, the relative mass of the body is 
an indispensable datum; yet this datum is ascertainable 
at the present time only for the bodies primarily, and, 
for a portion of the bodies secundarily, connected 
with .us. 

Fortunately, however, it ia not necessary for our 
present pur|>ose, to determine the relative quantitative 
variations of the Eai'th-connexiona of every order. In 
fact, we need only consider such variations in the case 
of primary and secondary connexions, or just in those 
casesalonein which it is now possible to do so. Con- 
nexions more remote than the secondary, and even a 
few secondary connexions themselves, are with bodies 
so distantly rel.ited to us that their masses, magnitude, 
and often, perhaps, their existence are absolutely 
unknown to us, Al! these connexions will, therefore, be 
grouped in one class, which wdl be designated the side- 
real o\ass or factor; and as both the period and the linear 
amount of variation is almost mathematically identical 
for every member of this class, it is only necessary for 
us here to coiisidor their quantitative difference upon 
0[iposite sides of the Earth, and regard this difference 
iis if it were owinglo a single heavenly body- All the 
connexions which fall upon the Earth's surface may, 
therefore, be included in the three groups — primary, 
secondary, and sidereal. 

The primary group consists of only two members, 
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or that with the San and that with the Moon. The 
secondary group may bo divided into two sub-groups, 
or those iK)nnoxiona which extend towards the bodies 
which are immediately derived from the San and tiiose 
which extend towards tlio bodies from which the Sun 
itself, in acconlanoe with subserjuent deductions from 
oar premises, is immcdifttely derive<l. But the latter 
of these is really included in the sidereal factor, and, 
therefore, does not r&iuire a separate consideration for 
the present purpose. It may subsequently receive our 
attention, however, in connection with another subject 
So that we thus finally arrive at four different factors 
to which the Bujiposcd connective variations in the 
Earth's atmosphere would be due; m2., the sidereal, the 
solar, the lunar, and the planetary. 

Now, there is one thing that distinguishes the 
planetary and the lunar factoi-s from the other two, 
vis., the incommensurableness of tbeir periods with 
the year. The sidereal and the solar factoi-3 each go 
throngh a complete cycle of variations in almost pre- 
cisely one year; whereas each planetary variation 
goes through a complete cycle only in the synodic 
periodsof their respective planets with the Earth; and 
the lunar variation has a period of thirteen and three- 
fourths days— each of which is incommensurable with 
the Earth's period. The effect of the former two 
factors would, therefore, be almost exactly alike 
in each successive year ; whereas the effects of 
the bitter two would not bo alike in every year, but 
only in successive ]>eriods or cycles of years. The 
latter are, therefore, independent of the former so far 
as these periods of years are concerned ; an<l once these 
periods are determined they remain wholly unaffected 
by llie otlier foctors. 
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Now, the lunar facLor, although of some consequence 
in siuaU portions of time, such us a day, would have 
scarcely an appreciable effect on a table of monthly 
values. Although ils period is inconimensuruble with 
the year, yet that period is such that, in any particular 
month, its algebraic effect ia comparatively small ; bo 
that the main characteristics of the longer |>eriods of 
connective variations upon the Earth, as ascertained 
from the planetary connexions alone, will not be 
measurably affected by this any more than by either 
of the other two factors. This will subsequently be 
shown more in detail. 

We may, therefore, conreniently begin with the 
planetary factor of the connective variations in our 
ntmosplicre in order to ascertain the longer periods of 
tliese variations, and afterwards we may add in the 
effects of the otlier factors and thus determine their 
shoiter perioiis. 

SO. Factors of the PUinetari/ Connexion Yaria- 
Uona. — ^Tho relative masses of the seven planets with 
which we have assumed the Earth to be connected, 
though not very accurately agreeing with those which 
the new theory eventually predicates, are yet sufficiently 
approximate for our present purpose. Wo observe 
first that, whatever the magnitude of the planet may 
be, the connexion joining it with the Earth will maiu- 
festly have the sjimc sectional area at the Earth's 
surface as the Earth itself; and second, that the mass- 
values for equal linear units of this uniform sectional 
area obviously depend upon the mass-values of tlie 
bodies to which the connexions respectively extend. 
With these preliminary observations, we are sow 
ready to begin. 

Commencing with the planet Mercury, wo find 
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that the Iinea.r variation of its connexion with tbe 
Earth wouiti be 71,500,000 miies, or the diameter of 
Mercury's orbit ; and also that this variation takes 
place in 58 days, or half its synodic period with the 
Earth. To obtain the volume-variation corresponding 
to this linear variation, we multiply the latter by 
49,000,000, or the sectional area of the Enrtb in square 
miles. Then to obtain tbe mass-variation, we multiply 
this last by the mass-value of tbe planet. Tbis will 
give as t.bo relative mass- variation of thia connexion 
with respect to that of some other planet, obtained in 
the same way. If wo were to obtain the ahaolute mass- 
variation, we should have to multiply the relative mass- 
variation of the connexion by the mass-value of the 
connexion itself, jis comparetl with that of an equal 
vohiroe of some known standard substance. But we do 
notut the present time know, in fact we do not aji- 
ponr to have the means of knowing, what this absolute 
mass value of a connexion would be. We know that 
tbe connective substance, if it exists at all, must be 
extremely attenuated, so much so, in fact, ihat it would 
be quite independent of the attraction of gravity, and^ 
therefore, it would (>ossess, as such, no degree whatever 
of the peculiar projierty which we call weight. And 
we can tell also what tlie mass-value of one connexion 
would be with respect to. or in terms of, that of 
another. But this appears to be tbe limit of our pres- 
ent knowledge in this respect. As to how many grains 
of subsUince there .ire in a cubic yard, or a cubic mile, 
of any particnlar planetary connexion if it wore all 
chnngotl into some form amenable to gravity, we are 
abAohitoly in the dark. Therefore, since we must em- 
ploy only relative mass-values of the planetary con- 
ni9Xion8,and since Mercury is the smallest of the seven 
planute, wu may as well coll the mass of this planet 
unity ; tii&t of any other planet being greater than 
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unity, as its mass is greater than that of Mercury, 
The mass-variatioD of Mercury's connexion, ttion, 
since the density of that connexion is taken as the 
standard, will be just the same as its volume-variation. 
The linear variation of the Earth's connexion with 
Venus is 133,50ti,000 miles, or the diameter of the lat- 
ter's orbit, and it takes place in 292 days, or half the 
synodic period of Venus with the Earth. We obtain 
the volume- variation just as in the case of Mercury ; 
and to obtain the mass-variation wu multiply the vol- 
ume-variation by 12, that being the relative mass-value 
of Venus, as compared with that of Mercury as unity. 
The linear variation, and consequently the volume- 
variation of each of the outer planets is nnmerically tlio 
same ; being 186,000.000 miles, or the diameter of the 
Earth's orbit. The half-synodic period, thti linear, 
volume- and moss-variations, and the mass-value for 
eacli of the seven planets are given in the following 
table; a sixth colunm being added in which is given for 
purposes of comparison, the mass-variations of each 
planet for 1 day. 

TABLE I. 
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As for the less important members of the Solar Sys- 
tem with wLicb the Earth is secondarily connected, 
such as the satellites, minor planets, ami pepha.i)8 some 
comets, even their aggregate mass, so far as known, 
wonlil be comfiaratively small; and, besides, these 
bo<liGS are always distriltutcd on nil sides of the Earth, 
so that their quantitntivo excess on one side as com- 
pared with the opposite side is all that would really 
operate to aiTuct connective variation upun the Earth, 
And this excess, in view of the extremely small indi- 
vidual masses of the bodies, and their comparatively 
small aggregate mass, is quite safely negligible. 

Indeed, a glance at the last column of Table I 
shows us that the ciinie is true also of the three smaller 
of ihe inajoi' planets; the variations in equal times due 
to all but the four outermost of which sink into com- 
parative insigniticancc. In fact we observe tliat Nep- 
tune, the most distant pliinci, is nearly fifty times more 
effective than Vt^nus. the nearest. So that, dividing the 
value of each body in order that the value of the great- 
est ma}' be represented by three figures for convenience 
in tabulating, all the three inner planets together drop 
below unity, and therefore practically out of the calcu- 
lation. 

31. Amount of the PhmHary Factors. — Now, it is 
pos»ble that all of the four outer planets may be nearly 
in conjunction, or have nearly the same heliocentric 
longitude; and the drains or accumulations of their re- 
spective connexions may, therefore, affect the Earth's 
atmosphere all at the same time. Summing up ibe 
values of tbu average variations of the connexions of 
tlieae bodies in the last column of Table I, taking half 
tbe sum for the variations caused upon these iKnlies 
Ibomselvi'.s, and multiplying by ten to allow for the 
niaximuiii rate of variation owing to the curviline^tr 
[nth in which the Earth moves, we have, possibly, 
ICxlO" cubic miles of connective substance, eilbor 
drawn oat of, or accuiuuluting in, oiu' atmo8()herQ m 
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a single day. This treraendous volume is about one 
hundred million times that of our atmogphere, estima- 
ting its height, us is commonly done, at one hundred 
miles. 

But, on the other hand, the enter Jimite of our at- 
mosphere, and especially of the connective atmosphere, 
according to the principal supposition here niude, must 
be far more remote than one hundred miles. Moreover, 
the least density, that of Mercury's connexion is taken 
as the standard, the density of .Tnpiter's connexion 
being some 4,800 times greater. Also the connective 
substance, or ethereal fluid, which is thus supposed 
to ebb and flow in our atmosphere, is really impon- 
derable matter — matter not subject to the attraction of 
gravity becauoe it is matter similar to that whose mol- 
ecular motions really constitute the attraction of 
gravity — and thus docs not admit of comparison with 
matter as we are sensible of it. The most perfect 
vacuum attainable with a Sprengel pump has a density 
of only sniAtiii of an atmosphere; yet the density of this 
vacuum must be immensely greater than that of a 
planetary connexion, for the reason that the former 
possesses still the undiminished density of the Earth's 
connective atmosphere to which each of the innumera- 
ble terrestrial connexions composing it must contribute 
but a minute degree. 

It is contended here simply that an increased press- 
ure or density of the connective substance in our 
atmosphere, manifeste<l, perhaps, in the phenomena of 
earth-currents and auroras, may induce the transform- 
ation of a portion of the imponderable fluid into pon- 
derable forms, affecting imronietric pressure and atmos- 
pheric precipitation; and, also, that an extensive drain 
upon the connective fluid in our atmosphere may 
induce transformation of sensible gases and vapon 
back again into the imponderable state and have oppo* 
site meteorological effects. In accordance with this 
not unrca-Honable view, our calculations will now ba 
resumed. 
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32, Monthhj Variatu>n3 of the Planeta/ry Factor^ 
— Dividing the mass-values of tlie coniiective varia- 
tions as given in the fiftli column of Table I by 10", so 
lliat the ligures may be conveniently tabulati-d, we have 
435 for the value of that due to Jupiter, 130 for that 
duo to Saturn, 20 for that due to Uranus, and 24 for 
that due to Neptune, in the respective hal f-synoiiio 
periods of these planets with the Earth. The values 
of the connective variation of the other planets in their 
resiHsctivo half synixlic periods are each less than unity 
of this scale, and are, therefore, disregardeti. 

Between oppi^ition and conjunction* of these 
planets with the Earth, the intervt'ninw connective sub- 
stance would accumulate in our atmosphere, and, 
between conjunction and opposition, it would he drawn 
out. The times of these conjunctions and oppositions 
ar(% therefore, to be ascertained in the case of each 
planet, plotted down in equal rectangular spaces rep- 
resenting years, each divided into twelve spaces repre- 
senting months, and in the monthly spaces are to be 
placed ihe figures denoting the values of the connects 
ive variations due to the respective planets, based on 
tbeip direct distance- variations for that month. Fig- 
area denoting approach of the Eiirth and a planet, or 
accumulation of their connective substance in our 
atmosphere, are given in full-faoed type, and those indi- 
cating the contrary conditions are given in Roman type, 
Follciwing is a table giving these values for the four 
great planets during the years 188S-91, inclusive: 

■U ihpy could cnnvenlentl)' l™ svolileil, thwc tefms would lint bo 
nnptiiyn], .u i»..i' iriist iir- ii-i',l h\-y Iji LI ^-iTv".- (llT.iily apiMwda tii Ibal 
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TABLE 11. ^^H 

MONTHLI VaKIATIONB OF TirB pLAKETARV CONFEXIONB UPOM THB ^H 

Eakth, ltRW-91. ^H 
1^1. 1890. 1880. 18SS. ^| 
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The planet Jupiter was in conjunction with the 
Earth May 28, 1888 ; in opposition with it December 11, 
1SSS; again in cunjunotiun June 24, 1889; again in 
opposition January 13, 1S90; again in conjunctioQ 
Jnly 30, 1890; again in opposition February 22. 1891; 
and again in conjunction September 5, 1891, Follow- 
ing conjunction up to opposition, the full value (435) 
of Jupiter's periodic variation is tiislributed among 
the intervening months in approximate accordance 
with the versed-sine approaches towards the planet 
for each month. The type in which these figures are 
given indicate recession of the two planets and con- 
sequent diminution of their atmospheres. Following 
opposition up to conjunction, the full value of the 
periodio variation of Jupiter's connexion is distributed 
in a similar manner, but in type indicating approach 
of the bodies, and consequent accumulation of their 
respective atmospheres. 

Saturn was in conjunction with the Earth January 
23, 1888; in opposition with it July 35, 1888; in con- 
junction February 5, 1889; in opposition August 15, 
1889; in conjunction February 18, 1890; in opiKsition 
August 27, 189fi; in conjunction March 4, 1891 ; and 
in opposition September 10, 1391. The full value of 
its periodic variation (150) is distributed among the 
intervening months, as in the case of Jupiter. And 
similarly also with Uranus and Neptune. 

83. Vedueimna from Th.eaeVariaimis.—\i will be 
obaorred that in any particular montli the Earth is 
approaching some of the planets, while from others it 
is receding; the figures denoting the former being 
poMtive with respect to the Earth's atmosphere, and 
those denoting the latter negative. The quantitative 
effect of all four planets upon our atmosphere in any 
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iiiuiilli will, tlierefore, be the aljjtbraic sum of tlieir 
individual values for that nionili. Following are ihu 
llgiiros for tlie sunie Tour years, tiiesosunis in the c;ise 
of ijach month having been obtained; a thirteenth col- 
umn Iwingadded, in which is placed tbealgcbraic sum 
of all the monthly sunia of each year : 
HosTOLr AND Tbarly SI'Ms op tiuc PLARBrjtnr Coshkxios 
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We observe from these results that in 1888 the 
Koman tigures, extending from April to November, 
indicate a relative druin upon our atmosphere daring 
that time, and, according to the theory here advaocetl, 
a consequent relative deficiency of atmospheric, electri- 
city and precipitation. In IHS'i this dciicient or dry t 
season extends from May to .Iiinuary ISIIO. and tbo J 
next extends from July I8!itl to Febniiiry 1891. Tiie ] 
figures for the remaining months of 1888, 1S89, 1890, 
and fmm January to September 1891, indicate relatiTe ] 
accumulation of connective substance in our atoiuS* | 
phere, and a consequent relative increase of electricitj' | 
and precipitation. ' 

It is further to l>e observed that the algebraic sums 
of the monthly figures for 18SS and lt>8(t, as given in , 
the thirteenth column, indicate that the drain upon 
our atmosphere, on the whole, lias been in excess in | 
these years, and that consequently they will be coni- 
parutively dry. The annual results for 18'Jl> and 1891, 
similarly obtained, indicate that the aceurnnlatiiai in i 
our atmosphere has been in excess, and that conso- 



(iiiently the 



s will be comparativijly wt-t. And, I 



/tn;i|]y. it \s to be observed that the indicated chtillKoil 
fibe j-ear column Irom dry lo weit oocucg i 
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B of the present sunspot minimum. This coinci- 
ilencfl in just the uno instance might of course have 
uriMjD out of mere chance; but if. in carrying our cal- 
culation hack say forty or fifty years, it be found not 
only that this change from dry lo wet yeara is always 
indicated to take pL-ice at, or very nearly at, sunspot 
iniDimum, but also that the opposite change of wet to 
dry years is ulwayt; .indicated at, or nearly at, sunspot 
maximum — or, in other words, that the longer periods 
of the planetary connective variations which we are 
DOW on the point of determining are almost exactly 
coincident with the sunspot periods — there surely must 
bo something besides mere chance that determines so 
exact a parallelism of the two phenomena for so long a 
period. 

34, MtmfMy and Yearly Var!aiion« of the Platte 
etary Faotijr for the Period 18^-1903.~Wq proceed at 
once to tills test. The times of opposition and conjunc- 
tion of each of the four outer planets with the Earth 
have been ascertained and plotted down for the period 
of years 1840 to 1903 inclusive, in precisely the same 
manner iU) has been done for 1888-91.* The negative or 
the positive value of each planet has been determined 
for cTery month of this period, the algebraic sum of 
these for each month obtained and tabulated, and the 
algebraic sum of these monthly sums found for each 
year and placed in the year column, A fourteenth 
column is addfd in which is given the maxima and the 
minima of sunepots, and a dfteenth column in which is 
shown the maxima and the minima of the connective 
variations upon the Earth. Following are the results: 

•t Mil much Indebted (□ Mr. O. W. Hill ot the flmaital Aliaanar offluc, 
WmliitiKtiiii. I'. 1 .. lur kliidlj' furfi lull Inn (or this work the ilntia o( the 
efi|.i<'ir.< ' "ii" bcreJ iit Jui<ltfr niiJ o( Saturn, eflob wlUi 

n«). ' I'erlocI vmxo ISRI [ndiielre. For the ntbvr 

Toi' Kr Ihepluiul* Cranug and Nt^ptune. tbo UtDM 

(4 i-iii^.. "iJ hnrcboen mimpittci) by meaiu ot (he grnoiUo 

prTli-t- 'iL ...: ,...,11. L-: .. .\\i rapcct to the Borlli. snd by kIvIqk TOiish 
niue* i^ iIh.- v'lituiiiii. 'it lliii uitutcr. Tbo maxlmuia error by thli nMbod 
tan nnteieei^ thm at U-ur <1iix». hII vrror whli^li In (he case of Ihc two 
A_tabl« c4 monUil(| rwuLts to wlvl^ o»t^^<^ 
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35. Conn€ct!oii of tlic Periods of Varuitimvf the Plm- 
ehii-y Faet/n' leilh the Sunsjiot J'eriotls. — A ^luuce aluiig ] 
the tlui'te(3ntb and fourteenth columns uf tbis tableshows 1 
us at once the almost exact accordance for the entire I 
jjeriod of the indicated changes of the wot and dry 1 
yeai-3 n-itb the sunsjpot changes. All the years in tfi« ] 
ejitire period wfiic/i are indwled in a forward diredion J 
fromiKe fnaxitnalo lAe minima of sunspots are indicitted \ 
to be dry, with the exception of jvve; and all the yean J 
included in the same direction from the minima ta (ham 
maxima of gujuipots are indicated to be wet, without a 1 
single exception. 

Now those are the longer periods of the connective ] 
variations upon the Earth which we have been in I 
search of, and which, as already stated, stand indepen- 
dent of, and unaffected by, any of the otlier factors I 
except the lunar; and the evidence which they fnrnish J 
in support of the truth of the essential supposition of ■ 
the new theory is surprisingly strong and clear. The | 
most fastidious critic would hardly contend tliat, for a 
I>eriod of some fifty years, the changes from excess lo 
deficiency in our atmosphere of a supposed connective I 
substance, extending tn bonds or curds between our I 
world and the other planets, would occur at sunspot f 
maximum, and the changes from deficiency to exc«6fiJ 
at sunspot minimum— all out of mere chance; for ttie 1 
probabilities appear to be vastly against such cbanOQl 
coincidences in tliis case. There surely must be a real I 
connection between the changes of tlie suppoMdJ 
planetary connexions and thu sunspot changes withl 
which they are thus seen to coincide. And the more I 
we shall examine into the subject, the more va]uable| 
and incnntrovertiblo the evidence we shall Qod i 
porting this conviction. 
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3fi. Comciihnoe of the Fariatii>ti« of Me Planetai-y 
factor with the Peruifh of Atinonjiheric I'recipitattoti. 
— In ihu first place it may be well to show from the evi- 
doDce of otiior inqiiircrB in tliis tiejiartment of nutare 
tliat there it an uotual deficiency of atniosplierio elec- 
tricity and jirecipitation in the indicated dry years, 
and an actual excess of these elements in the indicated 
wet years, when a certain amount of higof the actual 
after the indicated weather is taken into consideration. 
It is only some fifteen years since these inquiries were ' 
first started, and yet the evidence they afford appear 
to be 00 less voluminous than it is valuable and oon- 
clasive. 

Prof. Balfour Stewart, reviewing the results hither- 
to arrived at, deals extensively with a supjxised con- 
nection between the height of rivers and the number 
of sunsputs. He finds that the Nile agrees with 
European rivers and exhibits a maximum at about the 
time of inaxinium suns|X)ts.* Now the tabular wotyears 
are indicated as following minimum sunspots; and if 
(forreasons presently to be considered) we consider the 
lag of the actual precipitation after the time indicated 
as between two and three ye^rs, on the average, the 
wot periods predicated by the tabular figures would 
utmost precisely correspond to the periods in which the 
spots were in excess, and the actual dry jwriods to 
tlKHtoin which the 8[K»ts were dt-ficient. 

I)r. Meldrum, from a comparison of Wolfe's sun, 
spot numbers with the rainfall at Madras, lS16-'77, 
Edinburgh, lS24-'72, and Paris 1824-'72. concludes 
that there is an intimate connection between sunspots 
ud rainfall. He shows that in a great many places 
there is a groat«r minfull during years of maximum 

*AUUrc.XXin,Sn': XXV.M; XXVt. itS-0. 
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than during years of uiinimum snnspots, and that this 
phenomenon repeats itself from one cycle to another. 
In a recent issue of Nature, (July 7, 1887), Mr. 
Henry Blanford, in the course of a general investiga- 
tion of the rainfall of India,* reconsiders the stibject 
in the ligbt of recent data. He especially considers 
the Carnatic province, consisting of the plain below, 
the Eastern Ghauts, occupying the southeast of the 
peninsula, and extending from Cape Comorin to the 
mouth of the Kistna. Its area is about 72,000 square 
miles, with the town of Madras situated nearly mid- 
way along the coast. The data are furnished by the 
registers of this and thirty-nine other stations pretty 
evenly distributed! most of the records extending 
back to 1864. This province is partially relieved from 
the local vicissitudes of rainfall characterizing the 
summer months of Central and Northern India; so 
that the annual fluctuations of the Carnatic rainfall 
often differs widely from that of other provinces in the 
peninsula. The results arrived at by Mr. Blanford are 
as follows: "The rainfall reached a minimum in 
1867 " (year of sunsjwt minimum), " then rose steadUy 
to a maximum in 1872" (one year after sunspot 
maximum), "and after a di-op in 1873, and partial 
recf>very in the following year, fell rapidly to a second 
minimum in 1876" (two years before sunspot mini- 
mum). " From 1877 to 1881, it oscillated considerably, 
but thereafter rose again, steadily, to a second maximum 
in 1884 " (one year after sunspot maximum), " dropping 
again in 1885 to something below the average." And 
this, he justly concludes, "affords, at least, a very 
high probability that the apparent undecennial SactOfr 
tion is no chance phenomenon." 

•Indian SfttroruhvlcolVetnvin, Vol. III. Putl. 
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Pr*)f, Cleveland Abbe, says: "If in general the 
mnfuU is above the mean in the years of sunspot 
iiuLxima. and below thn mean in years of minima, llien 
we mnsl have tbe following equation : 

S- a R-r 
a'-S' r'-R, 

where large S is the mean value of the sunspot fre- 
quency for the whole period under investigation ; 
small 8 is the mean value for the period during which 
the sunspot frequency is below the mean ; small s' is 
the value for the period during which the Eunspot fre- 
quency is al)ove the mean; R, r, r", the corresponding 
rainfall for these years for which S, s, s' hold gootl. 
That the frequency of siinspots has a simple nitio to 
the niinfall is now evident from the fa<:l that the above 
equation holds good approximately for fifty-four 
ntutions in Great Britain, and thirty-four in America 
for the interval 1S24 to 1867. During this interval the 
the rainfall was in excess when the spots were in 
excess, and deficient when the spots were deficient. 
The excess was .90 of an inch in England and 1.13 
inches in America; and the deficiencies were .75 
inches in England and .94 in America,"* 

Prof. Abbe simply shows us, then, that the wet 
periods which the movements of the planets and their 
connexions predicate, riccording to the new theory, arc 
actually wetl«r than the average, and that the dry 
periods, similarly prwiicated. are actually drier than the 
average — in England and America from 1884 to 1S67. 

37. IMatifm of the Pei-iods of Variation of lie Plan- 
tiary Factort to the Penodn of Afmosjiheric I'rtaanre. 
— With respect to the laggini; of the actual weather 
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after the planetary and solar phenomena which indi- 
cate it, Mr. Frederick Cliaiiibers, suniDiarizing the snn- 
spot studies of diaries Chambci-e, Brown, Hill, Archi- 
bald, Ulan ford, and Me]di'uui,and extending their invee- 
tigations in still grealer detail, finds that the ejjochs 
of mnsimiim and minimum barometric pressure lagged 
behind the correspondingepuchsof minimum and max- 
imum solar-spotted area at an interval varying from 
ab<5ut six months to two and a half years. His conclU' 
sions in this respect are briefly ( 1) that variations of the 
solar-spotted area are succeeded many months after- 
wards by corresponding abnormal barometric variations 
and (2) that abnormal barometric variations in the 
ti"opics travel at a very slow rate from west to east, 
arriving at westerly stations several months before tbey 
reach more easterly ones.* 

From tliis and from the researches of Prof, B. Stew- 
art and others,'it apjwars that the lag of the Weather 
after its indications is by no means constant, but varies 
at dilTei-ent times and places. The foregoing i-esulcs 
arrived at by Mr. F. Chambei-s show that when allow- 
ance is made for the lag. the maximum barometric 
pressure correspomls to the Tninimum of sun spots, or 
the lowest ebb of connective substance in our atthos- 
phere, and the minimum barometric pressure to the 
nuixnnum accumulation of connective substance in oar 
atmosphere. 

The probable explanation of this (as we shall subse- 
quently find excellent grounds for believing) is that the 
excess of connective substance enables the rarer vapon 
and gases of the air to ascend to a greater elevation, 
where the attraction of gravitation is less; and that, 

• Kaltire, XXIII, 84-110: CIcvoltuu) Abbe, Arcvant "/ tyogrcm i)i4| 
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when the excess is withdrawn and the connective 
utmosphere sinks below its normal density, tiie vapors 
ami ^ases descend where gruviljition is more |)owerful 
and so cause a masimuni barometric pressure. 

Hero, then, we liave a complete parallelism of the 
indicate<l wet and dry years, not only with thostinspot 
changes, but with the actually observed periods of 
esccssive and deficient precipitation and the periods of 
maximum and minimum barometric pressiue. This 
alone would seem to put beyond a doubt the existence 
of mnteriul interplanetary connexions, on the basis of 
which alone these indicated wet and dry periods have 
been ilutermined. 

38, Coincidence oftAe Periods of Variati/ms of the 
Planetary Fiui^}r loith th^ Periods (f AUytosjiher'u- Elec- 
tricity. — Bui the parallelism may be pnslied still further. 
We know that there is an almost complete corresiK)nd- 
OMce between the number of auroras and the relative 
exiCDt of black spots on the Sun, as far back as reliable 
obserratioRS extend, the curve of the one being almost, 
exactly parallel with that of the other for more than a 
hundred ^ears," And as to the nature of the aurora, 
Mr- W. S, .levons, after describing the five auroras of 
Augu:<t, IS83, says : " I venture to make the suggestion 
that these coruscations arise from highly tenuous mat- 
ter (in what Mr. Crookfs calls the radiant state), pro- 
jected through the higher part of the atmosphprp. My 
belief is that, during the auroras described, pftffs, as it 
were, of radiant malt«r were discharged at great elevar 
tions above the earth's surface." t 

II. Fritz, in a vi>iy complete summary of our present 
knowletlge regarding the aurora,t quotes from Cramer 

•SMPrOf- n«lluur Slvtrul In Kolnrr. XXJUtl.SIiB 

t SMvrt. XXIII. lU. 

1 On marftfM, Ldpxltf. Usl. 
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that the auroras change tliemsolves iiilo clouds, the 
whole heavens being covered with the latter if tlie for- 
mer laat for a. siittlcieotly long lime. Also thiit Steveli- 
aon at Duiise, Scotland, found the annual froqucncy of 
cirrus clouds to run parallel with the frequency of the 
auroras ; that Winnecke, from observations at Pulkova, 
concludes that the cirrus must be considered as the 
agent of the aurora phenomena; that Weber and Klein 
and others give data to show that the times of greatest 
frequency of auroras and sunspots are also the times of 
greatest frequency of polar bands ; that similar paraliel- 
isms connect the sunspots with theheight of rivers, the 
rainfjill. and numerous other phenomena ; that, in fact, 
the parallelism between every form of atmospheric 
phenomena and the solar spots, shows the connection 
to be a real one, although the rationale of the connection 
is not yet made clear.* 

We know further that the constitution of the atmos- 
phere is variable, higher percentiiges of some ingredi- 
ents being present at certain times than at others, and 
Regnault sus|>eoted rightly, when he declared it decep- 
tive to regard the air as of a constant constitution and 
a fit-8tan<Iard for the specific grarity of gases,t 

39. TAe Wet <md the Dry Seasons of the Tear.—Vf& 
pass now to another feature of Table IH, the wet and 
the dry seasons of the year. In 1848, c. ?., the first 
half of the year is indicated to be dry and the latter 
half wet. In subsequent years the dry season pushes 
more and more towards the latter half of tlie year, and 
the wi!t into the first. In 185S the first half of the year 
is again dry and the last half wet. In 1866 these seasons 

* Prar, Cleveland Abbe, Aixaaxit of rrogras In Mtteoroliw- <n tS7941, 
pp.SO-1. 
J * 8«o Jolly's lavi!sligaUoaB,ZcU»ch.ri/t OaUmUMtflMn/lir JTrCeerotojM, 

XIV, as. 
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sgiuo change pUces. And soon; a complete revolution 
of a wet or a dry season from a certain portion of the 
year back a^iQ to the same portion, taking, on the 
average, nearly twelve years. We notice, also, that 
the interval during which a certain half of the year 
changes from wet to dry. corresponds to a ilry period of 
years, and that the interval from dry to wet is contem- 
porary with a wet period of years. The wet and the 
dry periods of years are, therefore, dependent on, and 
derived from, the wet and the dry seasons. If now we 
seek for observations corroborating these indicated wet 
and dry seasons, as we have done in the case of the 
indicated wet and dry periods of years, we shall almost 
entirely fail in our quest — for the following various 
reasons. 

First, as already intimated, the pi-ectpitation indi- 
cated for a certain time may lag behind that time for 
several months, the pcritxl being various at various 
titnos and places. Second, oor observations cover but 
a very small portion of the Earth's surface (a mere 
fraction of even these being easily accessible to one 
person), and this portion is mainly removed from the 
tropics, within which the indicated variations would 
theoretically occur more regularly. Third, both regu- 
lar and irregular causes, such as wind and ocean cur- 
rents, and position with respect to mountain ranges 
and elevation, would, to a very great extent, smooth 
doivn the differences of such short periods in most 
plaoca whore observations are made. And, fourth, the 
effecU of the other factors of tho connective variations 
npon Ibe Karth. Indeed, the most powerful factors In 
'fVodDoing connective variations upon our planet yet 
ntDain (o bo con8id4>r(Hl. lint as already stated, the 
ibftdTucteof these, with tbo single excoptiun of lUo 
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lanar f nctor, go through a complete cycle in almost I 
exactly one year ; so that, while they aione comijletely 7 
mask the indicated planetary factor, they produce no 1 
measurable effect whatever upon the planetary periods. 
The nature and effects of these factors will now very 1 
shortly be considered. 

40. Lagfjing of the Actual Weatfier. — With respect ] 
to the first of the foregoing reasons, it may be said that J 
the cause of the lagging of the actual weather behind J 
the indicated weather would very probably be that the ] 
withdrawal or accumulation of a certain amount of | 
connective sulwtance would be required to effect i 
change of the normal atmospheric conditions. These i 
normal conditions are indicated in the table for any J 
month or year by a cipher, or zero. Then, if we sup- ] 
pose that, in thia normal state of the atmosphere, it J 
required a withdrawal or accumulation of a quantity I 
of connective substance denoted by about 200 on the I 
scale of the figures of the table (which, to convert I 
into actual volumes of the standard density, needs J 
only to be multiplied by 10") to effect a corresponding | 
measurable change in the actual weather, we observe 1 
that this quantitjitive accumulation or withdrawal 1 
would require, in the case of the seasons, from three J 
to four months, and in the case of the periods, from [ 
three to four years — more being required in such years I 
as 1871, than in such years as 1884. 

The probable reason why such a quantitative vaiiA- I 
tlon of the connective substance would be necesgary I 
to produce an appreciable effect on the actual precipi- 
tation ia that, during the first part of the season or pa- 1 
riod of accumulation, the capacity of the atmosphere f 
to hold vapors in suspension would incTL-use up to I 
certain limit, owing to the increased volume and qoUrfl 
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tity of conncctivo substance it contains; and that, dur- 
ing the tirst part of ibe period of dram, the capacity 
of ibe atmosphere wnuki (iiniinish in ihisresjK-ct down 
to a certain limit, owing to the diminution of its con- 
nective substance. So that, from the normjil amount 
of connective substance in the atmosphoro up to the. 
ono and down to the other, the normal precipitation 
would be likely to prevail. 

41. The Solar Factor of the Coniwiilve Variation. 
—We may now consider the other factors of ihe connec- 
tive variations upon the Earth, (vhich yet remain to be 
computed. As alrea<ly stated in Art, 29, it was neces- 
sary for the determination of the longer periods of 
connective variations that the planetary factor should 
alone be computed; the consideration of the other fac- 
tjjrs being left for a subsequent occasion. This occa- 
sion is now at hand ; and the variations of the remain- 
ing connexions upon the Eartli are to ha determined as 
nearly as practicable. 

Taking (Irsl the Earth's primary connexion with 
the Sun, we have, from the eccentricity of the Earth's 
orbit, a linear variation of about 3,000,000 miles in 
a period of six monlhs. We then multiply this by the 
sectional area of the connexion at the Earth's surface, 
in order lo obtain the volume variation, and by the 
relative density of the connexion to obtain the mass- 
variation in this period. But what is the relative den- 
sity of a primary witli respect to that of a secondary 
connexion? At the present stage of our inquiry this 
qoestion cannot receive a definite answer. The best 
we can do is to a.ssign a most probable limit, less than 
which the density of the solar connexion npon the 
Earth, with respect to that of its secondary connexions, 
oaa not be. 
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According to ihe conneclne theory, as well as to 
the nebular hypothesis, the outermost planets were the 
Urst-horn of the solar family. Each of the planets as 
they successively caine into existence, appropriated 
from the Sun a jtrimary connexion, the sectional niassive- 
ness of which we may reiisoiiahly suppose, depended 
upon the massessof the n'spective planets; and it a1»o 
appropriated a certain portion of the primary conitex- 
inn of each of tiie previously existing plnncts for a 
secondary connexion hetween the two. What this por- 
tion is, is the point to be determined; and tlie limit 
which it can not reasonably exceed may he represented 
by the fraction having tlie mass of the appropriating 
planet for the numerator, and that of the Sun for llie 
denominator. Several reasons might bo assigned for a 
smaller value of this portion of the previously existing 
solar connexions which the new-horn planet appro- 
priates — such as that the restraining functions of the 
solar connexions would require, and, ther^orc, retain i 
a proportionatrcly greater share of their sulistaiioe ttiRit 1 
the functions of the portions forming the secondary 
connexions between the planets would require, the lat- 
ter being of a far lighter nature; but there appears 
to lie no reason whatever for ussigning a greater value i 
to it. 

Thus, when the Earth flrxt sejuirated from the \ 
bosom of the parent Sun, it would have a solar con- 
nexion, the sectional density of which would bo ti* 
that of Jupiter's solar connexion, e. g., u£ ihe Karth'a 
mass is to that of Jupiter; and it would also appro- j 
priate a portion of the solar connexion of Jupiter, 
at most, not geater than nAov of its entire Bnb< J 
stance, the muss of the Earth hav'mg ii ratio to thafr I 
of the Sun of I to 326,8()U. Now, it we (-jlII the EuTtliVj 
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mass unity, Japiter's mass will be about 312, and the 
sectional mafislveness of these solar connexions, at 
equal distances from the Sun, will also be in the same 
ratio, respectively. At the Sun's surface the sectional 
density of the Earth's solar connexion is, therefore, 
1, and of Jupiter's solar connexion 312. Then the 
sectionnl density of the portion of the latter connexion 
which the new born Earth would appropriate for a 
secondary connexion between the two planets would be 
itAw of 312. or tAj of the density of the Eari Ii'b solar 
connexion. We thus arrive at the conclusion that, for 
equal linear units, the density or mass of ihe connex- 
ion between the Earth and the Sun is at least a thousand 
times greater at the Earth's surface than that of the 
connexion between the Earth and Jupiter. 

Thus the mass-variation caused in our atmosphere 
by the solar connexion in a period of six months would 
be 8.000,000 x49,000,OOUX 1,048-=154 x 10" cubic miles ; 
while the mass-variation caused by the Earth's connex- 
ion with Jupiter ia 186,000,000x49,000,000x1=9 
X 10" cubic miles in a period of 199 days. Snthat. in 
equal units of time, the influence of the Sun upon the 
cx>nnoctive variation in our atmosphere is about 
eighteen times more powerful than the influence of 
Jupiter. Had this value of theaolar connective varia- 
tion been placed in Table III, the total value of all the 
planetary connective variations would sink almost into 
comparative insignificance. But as the period of this 
solar variation ia almost precisely halt of a calendar 
year, every year would be precisely the mme as far as 
this disturbing factor is concerned ; and the peculiari- 
ties of the table, with the exception of the wet and dry 
sessons of the year, wonld remain wholly unaffecte<). 
HaTiag; thus approximately dctcnnined the value of 
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the solar connective variation, we turn now to tlio con- 
nective variation due to the Moon. 

42, The Lunar Factor of ths Connective Variaiian. 
— Here we again meet with a difficulty similar to that 
met with in determining the relative density of the 
Earth'a primary connexion. What is the relativu 
density at the Earth'a surface of the Moon's primary 
connexion with respect to the Earth's primary connex- 
ion} Before this question could be answei-ed as elab- 
orately as it ought to be, it woujd be necessary to dis- 
cuss the actual operations of the planetary connexions 
as manifested in the observed attraction of gravitation 
on the various heavenly bodies. Such a discu.ssion, 
however, belongs to a more advanced stage of the 
present work. We must i-est content here with the 
supposition that the actual work which a connexion 
performs, affords a trustworthy indication of its actual 
strength or material density. Tliusthe Earth's (U-imary 
connexion is capable of withstanding a certain centrif- 
ugal strain, and it is known thai the Moon's primary 
connexion is capable of withstanding a centrifugal strain 
of less than one-half as much. Therefore it seems not 
unreasomible that tbe strength, or the material density, 
of the latter is less than half that of the fonner; or, on 
ihe basis already employetl (the relative density of the 
Earth's primary connexion l>eing 10J8 with respect to 
Jupiter's connexion with tlie Earth as unity), the rel- 
ative density of the Moon's primary connexion would 
be 493. Now the average linear variation of the 
Moon's primary connexion is about 26,000 miles; and 
the Moon's mass is »V that of the Earth, So that, to 
obtain the mass-variation of the lunar connexion from 
these data, we have Se.nooxlif.oon.noox V»' = 785x 
"cubic mileti. The period itf this variation \-i the 
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average time required by the Moon to pass from tlie 
perigee of its orbit to the apogee; or a trifle orer 131 
days. So that the average lunar variations in one day 
iai7xlO''ouliic miles (that is 57xl0"'X477I=2V2xlO" 
cubic miles, on the scjile of Table III); which is nlni 
of that due to the Earth's primary connexion, or A of 
that due to the Earth's connexion with Jupiter, or ten 
times that due to the Eai'th's connexion with Venus, 
in the same time. 

The lunar variation-period is so short, however, that 
only I of a unit on the scale of the figures of Table III 
would he required to express the entire mass-variation 
duo to the Moon's connexion in the whole of it. And 
as there are about 21 of these periods in a month, it 
will be observed that, for any particular month, the 
variation of one lunar [wriod will counteract or cancel 
that of the other ; so that the monthly algebraic sum 
uf the lunar variation is, on the average, only { of its 
periodic variation, or A of unity of the scale of Table 
IlL There would thus be longer periods of the lunar 
variation, each of about live successive months, and in 
each of which the monthly algebraic sums of the varia- 
tioDS would be of the same character; /. e., positive or 
negative. But in these longer peno<l8 the actual 
amounts of the monthly series are just the same as the 
variations in the shorter periods. And these are of 
Buch small value that were they placed in Tublc 11, 
scarcely a figure of Table III would bo affected by 
their insertion. 

43. The Sidereal factor of the Ctmnedive Varia- 
tion. — It might be supposed, at a first glance, that, iis 
the Earth swings towards one side of the Sun, the accu- 
tuulaluin of the connexions with the heavenly boilies 
beyond tbu Solar Sj-sl<:m would be about balanced by 



88 



INTRODIiCTION Tt> A NKW TmtORV, 



tlio witliiJrawal oE the connexions a» it swings towanl 
tlio opposite sido. Bultliis*, in all probability, is not the 
case, for Llio reason that our world is not sltuatocl in tbe 
center of tlio Sidereal System, but considerably to one 
side of it. One reason wo have forbelievingtliisistbat, 
in examining tiie sky with our telescopes in one direc- 
tion, wo 8eo comparatively few stars, .ind esich individ- 
ual star is clearly and distinctly projected upon llio gen- 
eral blackness of tlie heavens; while, in looking in the 
opposite direction, the number of the stars is vastly 
increased and their niagnitodc so peduce<l that tliey 
appear to terminate in a completely irresoivabie nebu- 
losity. So tliut, in the words of Sir Jolin llersciio!,* 
""Wbatevor other conclusions we may draw, this (hist) 
must anyliow be regarded as the direction of tbo 
greatest, linear extension of the ground plane of the 
galaxy." In the same paragraph, Uorschel places this 
greatest linear extension of the starry sphere in the 
constellation ScorpiHS, which is situatwl nearly in the 
interst*ction of the planes of the ecliptic and the Milky 
Way, and through which the Earth passes in the first- 
half of Juno. According to our theory, then, the Earth, 
during the six months of the year preceding, would be 
approa*;hing the gri'aier portion of the sidereal spUcro 
and leaving behind ihe lesser portion of it ; so that thd 
accumulation of connective substance, owing to thia 
causo, UjMjn the front of the Earth during that time 
would he in excess of the drain in its rear. Also, dup- 
ing the following six months, the drain would bo in 
excess of the accumulation. Again allowing a lag of 
about three months, this would cause a comparative 
excess of precipitation from about the middle of Murob 
to the middle of September, and a dedcioncy from tbo 
middle of September to the middle of March. 

jlUnm "t .itlrvm/iBV. tw. TV8. 
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It will rhiis be observed that the ■ivet season of the 
year, owing to this cause, almost exactly coinciileB 
with the d'^y season, owing to the solar factor. For 
tho Eurth is at perihelion, or at the least distance from 
the Sun, about tho lirst of January ; and, allowing 
three months of lag, as before, the solar dry season 
would be from March to October, while the sidereal 
wet season, as just found, extends from the middle of 
March to the middle of September. Thus the one fiic- 
tor counteracts the effect of the other, so that, if the 
two factors were of equal value, scarcely any effect 
whatever would be assignable to either at the present 
time. But the actual weather appears to be in very 
close conformity to the theoretical effects of the side- 
real factor. For, from an examination of rainfall sta- 
tistics over the Karth^s surface, it is found that, in the 
winter season of the Northern ITemisphere, the amount 
of precipitation is decidedly less than in the summer 



44, Connection of the Sidereal I'act<yj- and the Wet 
and Dry Seamna. — "We may stop for a moment to show 
this more in detail, l^he Signal Service records of the 
United States show undeniably that this is the case in 
that country.* As far back as these records extend, 
or from 1S70 down to 1881), with resjiect to ten princi- 
pal Atlantic coust cities, viz,, Eiislport, Me., Boston, 
Mass., Now Tork. N. Y., Wilmington, N. C, Charles- 
lun, S. C, Savannah, Ga., Jacksonville and Key West, 
Fla., Kew Orleans, La., and Galveston, Tex., they 
show that the average monthly precipitation in all is 
' A.'Ah inches; that Novcmlter, December, January, Feb- 
ruary, March, April and May are below the mean, the 
middle month of the period, February, having a max- 

■Senalw) .InrHnin naithtr. |<|>. laV-lU. 
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imum deficiency of just one inch ; ami that June, July, 
August, September and October are above the mean, 
the middle month, August, having a maximum excess 
of about an inch and a balf. 

Also in Prof. Paper/) No. X, of the United States 
Signal Service may be found the average itrccipitation 
for each month of the year at seventy two stations scat- 
tered over the whole country, as deduced from all the 
records at the respective stations. Summing up all of 
these, the avei-age monthly mean is found to be 3.60 
inches for the whole area. The precipitation ie in 
excess of this mean in March, Aprd, June, July and 
August, and below it in September, October, Novem- 
ber, December, January, February, and May. In 
fact, it appears that, tlje greater tbo area taken into 
consideration, the more exactly will the actual results 
of observation harmonize with the theoretic results of 
the sidereal factor. It is very noticeable also, that the 
nearer we approach to the tropics, the more exact is the 
correspondence. Thus, at the oceanic station, Key 
West, Fia., in latitude 28^ N., the Signal Service 
records give six months of excessive precipitation, or 
May to October inclusive, and six months of defiuieat 
precipitation, or November to April inclusive. 

45. Voincid^ice of tfie Actually Wet atui Dry 
Periods of Yeara With the Indicahvl Wei and Dry 
Plam^tai-y Periods.— Tho correspondence of the actual 
precipitation at this station with the theoretic deduo- 
tions holds not only for these sidereal seasons of the 
year but, what is more remarkable, it holds eriually well 
for tbo wet and the dry planetary periotlsof yearstodi- 
cated in the XSth column of Table lit. Thus, for tlie 
period of years 1371 to 1880 inclusive, the mean annual 
precipitation at this station is 3tf.88 inches, and Uio 
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actim! vuriiition from this meati for t>iicb year is as ful- 
lows, llie tlieorottoul results from Table HI fur the 
same years being [>luced in the third and sixth colnmns 
for oomparison : 

Akkdal Pbbcipitation at Ket Wmt. FtoniDA, 
1871-1886. iKCLUfiiTB. 
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Here the correspondence is complete, except in 
three of the nineteen given years. In the year 1880 
an actual deficiency occurs instead of tlie excess theo- 
retically indicated, and in 1887 and 1889, instead of 
ibe deficiencies theoretically indicated, there are actual 
excesses. Also the lag of the actual weather after the 
theoretic indications is only about a year instead of tlie 
two or three years winch the theory predicates. As 
wo go northwards to New York and Boston, however, 
ibis remarkable correspondence becomes less and lesa 
dtsljnguishabje. although it is still distinctly traeeable 
over the entire country. 

Similar correspondences could be given for similar 
stations in the East Indies, Asia, South Africa and 
Auslralta. The avusonK of heavy precipitation at Key 
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West are coincidunl wUh the seasons of cyclones auii 
typhoons of the entire equatorial l)e!t, at which Reasons 
all portions of the Earth's surface occossihle to tlie 
influence of these slonna have a maximum amount of 
precipitation. 

4tf. RelaUve Amounts and- Efecte <^ tits Several 
Factors. — Of course it is not witliin our power at the 
present time to compute the actual amount of variation 
of the sidereal connexions, as has been ilone with the 
planetary and the solar connexions. We can not, there- 
fore, determine the relative efficiency of the former 
Willi respect to the latter. Dut if our reasoning is cor- 
rect in other respects, it must obviously follow that the 
sidereal variation, Tnim the overpowering effects cor- 
responding to it, most certainly be greater in equal 
times than the solar and planetary variations. 

Since we can not compute the relative efficiency of 
the solar and the sidei-eal factors in tho seasoiiiil 
wenther changes, neither can we ascertain the relative 
efficiency of the effective difference between the two 
and the planetary factor, the value of which is given in 
Tiibte Jll. It may be that the planetary factor is 
nearly as [wwerfui as the excess of the sidereal factor 
over and above the solar factor, or it may be that the 
latter is the more powerful. Sul)8e(]uent investigations 
may probably determine this point. In the meantime 
we may in any case reasonably sU]i{X)se that when a 
planetary wtt or dry season coincides with a sionlar 
sidereal season, as in the periods of 1870 to 1883 and 
1891 to 1894, more than the ordinary intensity of pre- 
cipitation and drouth will characterize our summers 
and winters respectively of tliese years; and that when 
the dry season of the one nearly coincides with the wet 
season of the other, »n from 18S4 to ISdO, and from 
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1895 to 1900, less thun Uie ordinary intensity of pre- 
cipitation and drouth which characterize our smiimer 
and our winter seasons respectively, may be looke<i for. 
Much less than the usual lag would take place in tliesc 
Citses for the reason that, in the lii'st cose, the effective 
cause is greatly strengthened, and, in the second case, 
normal conditions would always accompany an approx 
imately even balance of the factors. 

47, Incompleteness of Our Meteorological Data. — 
But a great deal undoubtedly yet remains to be known 
regarding the effect upon precipitation of the drains and 
accumulations of connective substance in our atmos- 
phere. The views here offered are simply those which, 
from a consideration of the facts so far as they are 
known, have appeared tbo most reasonable. Other facts, 
however, may yet come to light which may considerably 
modify these views. Moreover, our present system of 
meteorological observations is very incomplete. In the 
comparatively few observations made, most nations 
appear to act quite independently of each other; and of 
course no observation whatever is made with any ref- 
erence to the theory here advanced. So that there is 
not only no digest of the observations of the world as a 
whole, but tbere appears to be, in most cases, no digest 
even of the observations of a single country as a 
whole. Maps and charts are usually given showing the 
actual precipitation over the different portions of a coun- 
try, and the variations of this from the mean monthly or 
annual precipitation for each parttcntar loi-aliiy (also 
this mean or standard amonnt of precipitation itseV, 
appears to vary from year to year, whereas an invari- 
nikln stantlard should be adopted at least for a period 
of fen or twenly years). But if the mean monthly or 
precipitation, and the actual monthly and 
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annual variatioris tlierefi-om, fortbecountry aaa whol 
is desired, the inquirer himself muni generally perform 
the almost herculean labor of reducing these data from 
the raw statistics of each individual locality. Noroan 
even these be always obtained at one bend office; somo 
of the statistics are usually out of print, ant] various 
different placoe must be searched for the manuscript 
records. 

It is urgently needed, for probably the hrgheat 
earthly welfare of the human race, that a more exten- 
sive and complete system of meteoruiugical observations 
should at once be adopted by iJl nations, ami the gen- 
eral results from each country sent to one central 
office for more complete generalization. Indeed, com- 
paratively little in the important department of 
weather preiliction can be accomplished until the maze 
of intricate agents and complex disturbing factors are 
brought into some organization through some such 
general system. 

48. Application and Value of these Weather Indicts 
Uena. — Finally, it must always be borne in mind that 
the weather predicted by means of the variations of 
the terrestrial connexions of all kinds apply, not to any 
particular locality or country, fmt to llie Jutrth's »urfac« 
09 a mhole. It may not infrequently happen tbroogh 
local disturbing causes (which, however, may somo 
time not im])robably be predetermined), that in certain 
localities extreme drouth prevails, while over the Earth's ■ 
surface, ns a whole, the precipitation is excessive; or 
there is excessive precipitJition in certain localities while 
extreme drouth generally prevails, But the inittAnoes 
of this discordance would obviously be comparatively 
nvre; and the indications would necessarily hold good 
in the gre.i.t majority of cases, rven if the cfTects of 
local disturbing causes could ngt be foretj>i(U- 
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With respect to the wet and the dry period of years, 
the lag is more regular than in the wet and the dry 
reasons, and the effects of the disturbing factors are 
largely eliminated by inclusion of them in nearly 
eqrial amounts and kinds in each period. It may gen- 
erally be confidently relied on that from the second year 
of a tabular dry period to the second year of a tabular 
wet period (such aa are given in Table III), tlio precipi- 
tation will be comparatively deficient in nearly every 
locaJily; and that from the second year of a tabular 
wot period to the second year of a tabular dry period, 
the precipitation will be comparatively excessive. If 
the foregoing calculations prove anytliing, they cer- 
tainly prove this. And this alone, from the facility 
with which these periods may bo computed for any 
future time, is of no small value to the agriculturist, 
and, through him, to the entire human race. 

40. A Scientific Jlaak for tlie Flood Lt'gend.~lt 
bos been observed that a. solar wet or dry season is 
almost exactly one-half of a sidereal year. The differ- 
ence betwecL (he two — less than one ami one-half mia- 
utee — is very small indeed. But small as it is, it may 
prove to be of considerable tiieoretical importance. The 
length of a solar wet and dry season together is the 
period of time during which the Earth passes from the 
aphelion of its orbit around to the same point of its 
orbit again; and this period does not exactly corres]K>nd 
in length either to the sidereal or the tropical yoar. 
A sidereal year is the jieriotl of ttrao during which 
the Earth passes from a straight line joining a so called 
(lxo<l Atar and the Sun around to tbc same line again; 
and this period exactly includes a sidereal wet and dry 
Miumn together and no moro. If thr line which joins 
the peribeliOQ and the apholiini of the Karth'd orbit 
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wereas Exed, or rather luuved as sloivly, as that join- 
ing the SuD anil the star, the sidereal antl the solar 
seasons would be exactly similar in length. But this 
line, the line of a{>sidee, is not fixed. It has an 
extremely slow direct motion of nearly 12" per annum 
from the star-line; so that the Earth's perihelii:in makes 
a complete revolution, from a certain fixed star around 
to the same star agjviii, in ahoul 109,330 years. Now 
the longitude of the Earth's ])eri]ielion at the present 
time is lOij" 27', and that of the point of greatest linear 
extension of the sidereal sphere is about 2(32". The 
line of ajtsides lias, therefore, traversed over 198° since 
the time when perihelion and the point of greatest exten- 
sion of the heavens were coincident; which movement 
has taken place in a period of nearly 00,000year3. At 
that time, then, the sidereal and the soUir seasons exactly 
coincided, wet with wet and dry with dry ; so that 
instead of the one antagonizing the effect of the other, 
asat present, both factors would unite in producing a wet 
season of tremendous precipitation and a dry season in 
which the Earth's surface would be extremely )mrched. 
Sixty thousand years these conditions would supervene 
with a maximum degree of intensity; and they wonld 
continue with slowly diminishing intensity for some 
25,000 years longer. After this more than the half of 
the one factor would be countenicted by the other,and 
this degree of counteraction would gradually increase 
down to 4,500 years ago, when it would have been at 
a maximum, or the two factors would he oompletdy 
antagonistic. At this (imo, therefore, the seasonal 
intensity would have been at a minimum. It is now 
increasing and, in some 50,0UU yean, will be again ata 
maximum. 

TJ'ftse are the theoretical deductions, but perhaps 
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they are not wholly entitled to our implicit reliance. 
The revolution of tlio line of apsides may possibly 
be irreguUr, and such irregularities might very consid- 
erably niodify the times of the theorclic maximum and 
minimnm seasonal intensity. It is true that we are not 
aware of any such irregularities ; but the periods are so 
va.tt compared with the period of our recorde<l obser- 
vations, that it would be quite prematum to assume 
that, in the maze like intricacies of nature, such irregu- 
larities did not exist. Still the coincidence of the solar 
and the sidereal seasons would certainly have taken 
place at some time in the past, and if our theory 
be true, they would as certainly be accompanied by 
extreme drouih and deluges. 

The question now occurs to the mind — May not 
these seasonal deluges be the origin of the legends of 
the Flood! If man was conicmjwrary with the great 
Ice Age, as apparently reliable geological testimony 
goes to prove, he would have ample opportunity to wit- 
ness and experience the tremendous floods ascribable 
to tbis cause; as the sAost conservative estimate of the 
period since glacialion is more than 30,000 years, while 
by far the greater number and the most eminent of geol- 
ogists place it at six times thisduration. It is undenia- 
ble that the theory thus furnishes a possible and tven 
l^usible scientiQo explanation of the diluvial legends. 
and, in any event a contrast of this explanation with 
chat of collision of the Earth with a comet's tail — that 
of Kant and William Whiston and almost the only 
oilier — appears to be by no means unfavorable to the 
former. 

The same explanation would also apply to the periods 
of excessive erosion of the Earth's surface, which 
tiie testimony of the rocka so clearly indicates, and 
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wbicb gcologiiitB llnd so inexplicalile, especially in the 
later geological ages. No more probable explanation 
of tbis excessive erosion, followed ;igain by ijuiescetit 
periods of deposition can scarcely be imagined tbaii the 
alterQa.te extreme di-enchtngs and parchings of the 
Earth-crust continued for many thousands of years and 
followed again by equally long periods of comparative 
elemental equilibrium and quiescence, us implied by tbe 
foregoing deductions from tbe connective theory. 

50. Connection of Uie Orbital Period of Jupiter 
vnih the Itulicated Wet and Dry Periods of Years and 
with the Suvspot Periods. — A tabular dry season and 
wet season together usually aggregate about thirteen 
months, and generally a year is indicated to be wet or 
dry according as all of the wet or all of the dry season 
is included in it. Pushing this inquiry further in the 
same direction, we observe that tbe synodic period of 
the great planet Jupiter is also thirteen months, and 
that the indicated dry seasons of the year very closely 
correspond to the times that the Earth is receding 
from, and the indicated wet seasons to those during 
which the Earth is approaching, that pln,net. It is 
found, then, that, in general, ayear is indicated to bedry 
or wet according as the planet Jupiter comes in conjunc- 
tion with tbe Earth in tbe tirst half, or in the last half 
of the year; as in the former case, all the recession 
from, while in the latter case all of the approach 
towards, that planet would be included within the 
year. 

The time of sunspot maximum would thus corre- 
sixindio that in which the planet Jupiter comes in oppo- 
sition * with the Earth about the middle of the year, 
and the time of sunspot minimum corresponds to that 

■Sue fnol-notc. p. OT. 
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^n wliich it comes in conjunction ivith tlie Earth about 
the same time. Thus, in tbe sunspoC maxima of 
1883, 1S71, 1860, 1848, 1837, the times of Jupiter's 
opposition were July (J, July 3, July 27, July 23, 
August 19, respectively, and in tbe sunspot mtnima 
of 18T8, 1867. 1836, 1843, 1833, the times of Jupiter'3 
conjunction were July 24, August 25, September 26, 
August 13, October 23, respectively; nil of which are 
BOt far from the middle of the year except the last. 

51. Tiie Maxima and Minima of the Planetary Com- 
iMCtive Variations and their Cartsm. — Before discussing 
a possible explanation of this, let us glance once more 
iittlio figures of Table III. Tailing the indicated dry 
geasoQ of 1840 and adding its monthly values together 
they are found to aggregate 539, which sum is placed 
over the last monthly value of that season. The same ia 
done with the succeeding wet season and with eath fol- 
lowingseason in succession. In 1851 themimioium sea- 
sooalsTim of 266 is obtained,aftei- which these gradually 
increase to a maximum of 554 in 1861, decrease to a 
minimum of 324 in 1S72, increase to a maximum of 
S75 in 1882, decrease to a minimum of 277 in 1891, 
and so on. A moment's consideration suffices to show 
that tbe cause of these seasonal maxima and minima 
is the relative bunching and scattering of the four 
planets. If the four phinets were all in the same 
longitude, the Earth would recede from, or approach 
towards, tbcm all at the same time, and tbe aggregate 
value of a dry and of a wet season would then be a 
maximum. IJut if tbe planets were so evenly distrib- 
uted around the Sun that the recession upon one side 
of the Earth was just biiltinccd by the approaches on 
the other, then the aggregate value of a dry or u wet 
MMOD would be the smallest possible. 
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Now two of the three iiisUinccs of tlilti bundling 
together of the planets, and c(msc(]iient maxiinurti s^a- 
sonal values, so far back as the table extends, closely 
correspond with the sunspot maxima of ISfiO anil 
18S3, both of which, 't appears, were remarkable for 
tile extent and number of the solar spots. A regular 
connection between the sun-spot maxima and the sea- 
sonal maxima could not be maintained, however, for 
any considerable period of time, as the penods of the 
two are not commensurable, that from sunspot max- 
imum to maximum being about eleven years, while that 
fi-uui sca.sonal maximum to maximum is ulwut nineteen 
years, being Jupiter's mean synodic period with the 
otiier three planets (chiefly with Saturn).* Now 
althougli the simultaneous occurrence of the sunspot 
maxima with the seasonal maxima, or comparative 
bunching of the planets on one side of the Sun in the 
two cases mentioned, is, no doubt, a chance coincidence, 
yet the more than ordinary spotted area of the Sun at 
these times could not reasonably be supposed to bavo 
the same chance origin. 

52. The Maxima and Minima of Sunspots and 
their Causes. — What, then, is the signilicancu of this 
bunching together of the planets at these extraordinary 
sunspot maxima? In the light of the connective 
theory, its signi^cance is clear. Each of the planets is 
joined with the Sun by a primary connexion ; and when 
the planets are nearly all in the same longitude, their 



• Tf. Instead or cnDslilerlng Ibo density at the i>laiicUry c 
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solar connexions are aggregated upon one side of the 
Sun. The connective atmosphere of the Sun woulil, 
therefore, bo more elovateil upon that side. The heated 
rapor of the Sun would thus be enabled to ascend to a 
greater height, at wliich it would cool and descend 
more rapidly, and so form spots upon the Sun's surface. 
When the planets move out of conjunction, to an 
approximately equable distribution around the Sun— a 
movement which i-oquires several years — the solar 
atmosphere (so far as the planetary connexions are con- 
cerned) would be reduced to about the same general 
level, and but little vapor could ascend sufficiently far 
td cool and condense, and thus descend to form spots. 

That something about like this is really the mechan- 
ism of sunspot formation is abundantly verified by the 
researches of nearly all investigators of this subject. 
Mr. J. Norman Lockyer quotes from Dr. Peters and 
Rev. S, J, Perry to show that sunspots almost invari- 
ably commence life OS little dots, which accumulate in 
hirger and larger groups until full spot maturity is 
attained, usually in five or six days ; and that the 
hist act in their history is their invasion and extinction 
by faculiB. These facula; are enormous upheavals of 
beat«d vapor which occur only in the neighborhood 
of spotfi and invariably arise subsequently to their 
ap|)earance. In otlier words, a fuculti is the fire and 
vnpor of a burning sunspot. Mr. Lockyer says. "We 
can see that it is the most natural thing in the world to 
suppose that in an atmosphere like the sun's, seeing that 
ibure is enormous radiation and therefore cooling at the 
exteri<»r, there must be a descent of solid particles into 
the interior heated region. Now can we associate this 
with spot pbenomennj 

"ToB, we can, and nc are absolutely driven to it. 
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We have already seen that the spot, when it travels 
■over tlie limit, is a hollow. Wo also find when wc 
examine a spot with the spectroscope that certain 
vapors get very much denser, as if they were being 
crashed together into a certaiu limited region either 
by an upthrust or a downfall. Which ? Well, the 
spectroscope answers that question for us perfectly, 
because it shows that the vapors are absorbing, and 
therefore that they are cooler than the photospheric 
material immediately underlying them, and that they 
have not an excess of radiation, as they would have if 
they came up from below ; the spectroscope then cer- 
tainly Justifies the view that a spot is really the result 
of a downrush; the vapors there are cooler, as they 
should be if they came from a cooler place ; they are 
rf«i.«CT-, as they should be, if they are descending rap- 
idly into a place which is more or less confined ; and, 
more than all, the change of the refrangibility of cer- 
tain lines enables us to determine roughly the rate at 
which these descents take place, A very common 
velocity is thirty miles a second — not thirty miles a 
minute or thirty miles an hour, but thirty miles & 
second."* Elsewhere healso slates: "Above latitude 
30', as a rule, we have no spots, because * * the 
almospiiere is of lower elevation, so that there is not 
sullicicnt height of fall lo give the velocities required 
to bring down the material in the solid rorm.'"f In 
fact, there could not possibly be more direct and 
valuable evidence in favor of the theory here ad- 
vanced. 

But how are wo to explain the sunspot minima 

which, it will be observed, do not scurcely in any case 

coincide with the minimum smsonal values, and also 

•ffdhirf, xxxiii. iVi. tft'mu™, XXXIV. ass. 
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such 8uns[>ot maxima as that of 1871, which coincides 
with au aotiial seusonal minimum, or a state of nearly 
oquuUle distribution of the planetarv connexions round 
the Sun i We have alreaxiy ohserrcd that the giant 
planet, Jupiter, practically determines the wet and the 
dry seasons, as well as the wet and the dry periods of 
years ; and that, for a period of over fifty years, the 
times of sunspot maximum closely coincide with the 
times this planet comus in op[Hisition with the Earth 
about the middle of the year, and the times of sun- 
spot minimum coincide with those in which this planet 
comos in conjunction with, the Earth about the middle 
of the year. Now, it is agenerally admitted fact that 
tlio Sun itself is but a grtiater planet revolving slowly 
round some distant central body. I-et us extend our 
theory, or, rather, let us extend its application, and 
regard the Sun as primarily connectwl with its sun, 
just as the planets are with itself. The material con- 
noxion of the Sun with its parent sun (as well as with 
the other important members of this greater system), 
would rea-sonably be more dense and voluminous than 
any of the planetary connexions; also, it would lie 
about in the plane of the solar equator for precisely 
the same rt'asons that the [)lanetarv connexions He in 
about that plane. About every twelve years, there- 
fore, the primary connexion of Jupiter and tho Sun's 
primary connexion would coincide, and so form the 
comparatively elevated atmosphere upon one side of 
the Sua, which, as has just beon seen, would facilitate 
the rapid formation of sunspots. And the fact that 
maximum sunspots occuis when Jupiter is on the 
opposite aide ot the Sun, from the Earth, in the middle 
of the year, points to the conclusion that the solar con- 
nexion lies in the direction of Jupiter at that timp, 
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and that tlie Earth passes through it in Decembor and 
January. 

53. Jlte Zodiacal Light and ita Connection with 
the Sumpot Per*<}ds.~B.B.ve wo any evidence corrob- 
orative of this conclusion '( Wo are so fortunate as to 
lie able to present wbat appears to be a splendid and 
incontrovertible corroboration of it in the phenomenon 
of the zodiacal light. This phenomcnoD, hitherto inex- 
plicable, interpreted by the connective theory, is noth- 
ing else than the Sun's connexion with the central 
parent system of which the Solar System is an imme- 
diate member; and it exteiids precisely in the indi- 
cated direction. 

Begarding the zodiacal light, the peculiar miscon- 
ception almost everywhere prevails that it is lenticular- 
shaped and extends equally all around the Sun's equa- 
tor, or, at least, in two opposite directions from it- 
But that it extends only in one direction from the Sun 
is clearly shown from the fact that, for abonb six 
months of the year (from about August 1 to January 
31), it is seen in the east just before daybreak, and 
that, for a somewhat longer season (from the end of 
October to about the middle of June), it is visihle in the 
west after sunset. So that for alraut eight months of 
the year it is visible only in the evening or in the 
morning, that is, on only one side ot the Sun; in the 
month of July, it is not visible at all, being then be- 
hind the Sun; and, in November, Deceinljer and Janu- 
ary, or while the Earth is passing through it, it is viai- 
ble both in the evening and in the morning of each 
day. And, moreover, just befuru the Earth enters it in 
November it is observed to attain its greatest brilliance 
in the east, and just after the E<irth passes out of it in 
January, it attains its greatest brilliance in the west. 
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It Uie light leally extended ei^oaUy in all directions 
from the Sun's Lqiiutor, or even in two opposite direo- 
lions from it, why should il not be visible in the month 
of September, for example, after sunset as well as be- 
fore daybreaks One recent authority answers: " The 
reason it can not be well seen in the sumraor and 
autumn evenings is, that in our latitudes the course of 
the ecliptic in the soutbivest is, during those 3eason6,so 
near the horizon that the light in question is extin- 
^ished by the great thickness of the atmosphere 
through which it has to pass." But does be not forget 
that the same great thickness of the atmusphere would 
preclude its appearance in the southeast in the moruing 
us well as in the southwest in the evening when in the 
same paragraph ha states that " it may also bo seen 
rising from the eastern horizon just before daybreak in 
the summer or autumn."* 

The following extracts are from a memoir on La 
Lumiere Z/)diacai.e, by P. Marc Dechevrens, S, J ., who 
has made at Zi-Ka-Wei. near Shanghai, China, regular 
ohaenrationa of the zodiacal light from September 1, 
1875, to September 1, 18T9 : 

(a). " The observatory stands in the middle of an 
immense plain about twenty-Bve miles fi-om the sea, 
and in no direction is its horizon broken by the slight- 
est irreguhirity of the countiy ; moreover, the observa- 
tory is isolated and the few neighboring buildings do 
nut render the air impure or interfere with the most 
(iulicate HStrofiomical observations. 

(A). " When its two branches (the east in the 
morning, the west in the evening) have the same length— 
not exceeding 80" or 90" — the zodiacal lightaasumcs the 
same shape on eitlier f\Ae, of tho bonbon; it is that of ^ 

* MlW<xnill>'« l-VilFUim- Aar-Juxn^, |>. 410. 
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laiioe-heatl orof half a lens a liltle flattened. Cut when 
its length reaches 90°, 100°, a,n(i beyond, it is rather a lon;j; 
band ot light of nearly constant width, wliose sidendur 
does not sensibly diminish even to its extremity, wliiclt 
it is frequently difficult to tind among the brilUant stars. 
Somethnes near the horizon the band appears as if it 
wore to be enwrapped near its base in an envelope yet 
more luminous. 

(<■). " The luminosity always appears (jnite steady 
and motionless. Its color is always pure white, like to 
the Milky Way. * * * 

(d). "Tiie luminosity participates in the apparent 
diurnal motion of all tlio stars; this fact hjis been 
noticed by ail who have observed the phenomena and 
is opposed to all theories which designate the terres- 
trial atmosphere as the place of tl]o zodiacal light. 

(e). " The general features already described are 
not derived alone from the observations made at Zi-Ka- 
Wei; they have been admitted by the earliest observ- 
ors and aro generally adopted by all savants. 

{/). " The following details, undescribed as far as 
I know by any author, stand out prominently in the 
whole series of our observations. 

iff). "The two branches of the zodiacal light, the 
eastern in the morning, the western in the evciiiug, 
neither apijcar on, nor disappear fi-om, the horizon at 
the same time ; but their maximum of elongation takes 
place at the same moment. 

(A.) " The total duration for their iippeiirunce is six 
months for each branch, 

(i.) '■Tliofir.^t luminosity inthe east appeiu-s in tlie 
early days of August, and the last dies out at the end 
of January. On the western side the zodiacal light is 
first observed about the end of October, and entirely 
disappears only in June. 
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(J.) " Thug, (luriu^ Noveinijcr, December, and 
January, in tlie morning before dawn, and in the 
evening after twitiybt, there can be viewed these two 
luminous bamls itmnng the stars, making in that pnrt 
of the sky an angle of nearly 'Id" with the Milky 
Way, whose brightness and purity they riviil — especially 
in partB nearest the sun. 

(i.) "The eastern branch (in the morning) slowly 
elongates fn>m its first appearance; on the contrary, 
the Western branch (in the evening) rapidly develops, 
anj in a month can reach its maximiam of elongation. 
Inverse phenomena prevail in its disappeiirance; that 
Is to say, the morning luminosity grows faint in a short 
time after the epoch of its greatest elongation, while 
in the evening the opposed luTninosity varies very 
slowly, and disnp|)ears almost insensibly. 

(?.) " Owing to doubts expressed by savants re- 
garding isolated observations showing an elongation of 
90" and more, the following, frequently confirmed by" 
my coadjutors, are given : 1S75. November 2S {mom- 
ingXlOO"; December 21 (evening), 120»; B4tli (eve- 
ning), 123« ; 25lh (morning), 140* ; the night of De- 
cember 24-35. tliti phenomenon embraced three quarters 
of the ecliptic; 1877, December 1, 3, 4, and 7, the band 
of light reached to the Milky Way, passing between the 
rioiadea and Aldebaran, (nearer tiiefirst stars than the 
latter one); then losing itself in the Milky Way, the 
Inminosity bad yet enough brilliancy to cause us tn 
think that it prolonged itself even to the other e<!ge of 
the starry zone. The snn being then in the 351st de- 
gree of longitude, the arc of the ecliptic covered by 
the luminous band was not less than 185°, This ob- 
servation was made y'w?/?' times. A gap of about 65" 
separated Ibc morning and the evening branches so 
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that the total amplitude was then about 295'', The ob- 
serrations made by M. Eybert io 1873 (published by 
ileis, in Milnster) dui-ing a voyage from Buenos Ayres 
to Cape of Good Hope, agree perfectly with these. 
He noted December 8 (evening), in latitude 20° N., an 
elongation of 184", and (morning), the other brancli 
showed an elongation of 176*^, so at that time the whole 
ecliptic was covered by the luminous band. 



(nii) " As to the brightness of the two branches 
the maximum — not coinciding with the greatest elonga^ 
tion — was observed in November for the eastern and 
in February for the western branch."* 

Through all this description there appears to run id 
the mirid of the observer the idea that there are two 
separate branches of the zodiacal Hght; whereas accord- 
ing to the description itself, there can have been but the 
one branch. The side of tbeSun which becones first 
visible in the morning and from which the zodiacal light 
projects, say in September, is the opposite side to that 
which last disappears beneath the horizon in the even- 
ing and from which the opposite branch of the lumin- 
osity would be seen to project if there were such a 
branch. But no such branch has ever been seen at 
that time. It is etiualiy obvious also that, if, for sim- 
plicity, the Sun be regarded as stationary on its axis, 
the side of it which Hrst becomes visible in the morn- 
ing from the fii'st of August to the last of October and 
from which the morning branch is seen to project, is 
precisely the same side which hist disapiwars in the 
evening from the tirst of February till June and from 
which the evening branch is observed to project. This 
follows so manifestly from the Earth's motion r 

•firport of llic Chltf Sifliiui OSIecr f. S. Aimu ISSt, pik tOB-i 
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So Snn t.ii.it it were siiperfluooa to dwell apon it 
furlhcr. Tlierefon^, according to ihe observations from 
July to November ami from January to July, the zod- 
iacal iiglit is seen to project only from one side of, or 
ratlier in one ilireclion from, the Sun; and so there 
(.■louldbe predicated from these observations but ono 
branch of the luminosity. Then as to the three months 
during which the linninosily is visible both in iho 
ttvening and in tiie morning of each day, nothing seems 
plainer, if the luminosity occupies an angular B^iace of 
someOO" on one side of the Sun, than that when the 
Earth passed into the angular space thus occupied, the 
luminosity would become visible on both sides of the 
horizon. Paragraph {t) of the foregoing description 
really proves that this rs the case. The rapid develop- 
ment of the western branch, occupying only a month 
from its Drstappetmince to its maxinuim elongation, 
llmls its only explanation in the passage of the Earth 
8udileuly into the midst of the luminosity; and the 
e<|Ually rapid decadence of the eastern branch from its 
maximum elongalion to its extinction is explicable only 
by the sudden passage of the Earth out of the midst of 
the luminosity. 

We have thus somewhat elaborately discussed this 
phenomenon on account of its great importance in the 
theory here advance<l, and also on account of the mis- 
conception alluded to, which, it appears, every writer 
on the subject inculcates regarding it. In the light of 
the connective theory, it furnishes the almost complcio 
explanation of the snnspot periods, compared witli 
nbicb the configuration of tlie planets alone play but 
a Tory snbonlinate part. The maxima of sunspots 
occitr when Jupiter's primary connexion is about in 
the last stage of its coincidence with the " zodiacal 
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liglit," or, as we may now l>e permitied to term it, tlio 
Sun's jtriiuary connexion; which, at the present time, 
and for about a bair century back, would happen when 
that planet is on the side of the Sun where the Earth is 
in January and February, In the first part of the 
period of coincidence of the two great connexions, the 
solar vapors and gases tvould bo ascending, so that ibo 
inaxinium of descent of the cooled material would occur 
in the latter part of that period, or even just ufter coin- 
cidence was over and the elevation of the solar ntmos- 
phere on that side was at a miLximuni rate of reduction 
down to the general average. And the times of the 
minima of sunspots {though thus less regularly deter- 
mined) would, in general, occur when the two chief con- 
nexions were as far apart as possible, or when Jupiter 
occupies thai side of the Sun where the Earth is in July 
and August. Il is very obvious also that the maxima 
and the minima of the spots would not he suddenly, 
but slowly and gradually attained, as the two con- 
nexions {raodiliod, of course, by the other connexions, 
also,) moved gradually, in the couise of five or six 
years, into, or out of, coincidence. 

These theoretic deductions appear to be strongly 
corroborated by actual observalion. Assuming for the 
present (what will shortly be more fully shown) tliat 
the long stitiamers or rays of the Corona are really the 
Sun's connexions with ih^ planets and other heavenly 
Ixxlies, the following quotation clearly shows the oon^ 
ncction of the spots with the movements of the con- 
nexions : " The coi-onal streamers follow the s(jots — by 
which I mean that the corona and coronal streamers 
put on their greatest intensity, according as the spots 
huve moved nearer to the equator. When we havetlio 
minimum sun-^pot period, you can hardly call tliat 
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wiuatorial extension a streamer at all, because it is so 
rlitn,"* When the spots move nearer to the ctjuutor, it 
is about the time of inasimura sunspots, aoii ibis, Mr. 
Lockyer telle ns, is the time when the coronal stream- 
ers put on their greatest intensity, in precise accordance 
with the theory.f 

54. Explanation of Anomalous Sunspot Periorh. 
— But still this explanation is imperfect ; for, if we go 
hack as far as reliable sunspot records extend, we find 
that Jupiter no longer comes in opposition with the 
Earth at masiraam sunspots in July and August, but 
rather towards the end of the yeai'. Thus, in the sun- 
spot maxima of 1829, 181T and 1801 the times of oppo- 
sition of Jupiter were in December, December, and 
November, respectively ; while in the maxima of 1790 
and 1779 they come back again as far as September. 
"We observe, however, that the three former sunspot 
maxima were of Utile more than half the average 
czteQt4 This goes still further to show what reason 
able probability has already suggested, thai the solar 
Connexion is a com|>ound one with the different hodies 
of the parent system, which sepiirate from one another 
owing to the proper orbital motions of some of them 
urnuiul the central body of that system ; just as the 
Earth's primary connexion sometimes coincides with 
i\» secondary connexions willi llie inner planets, and 
then separates from them again to various angular 
distaocvs. 

W« arq again able, in a degree, to corroborate this 
by observations of the zodiacal iiglit. For, as we go 

• J. Nonnaa Lockx". Wature. XXXIV, II. 

tlto rvioiu pcculUirltiet ot suiupols-audiiiHUuir otiuatorlBldrtttlng 
•niltbelrirmiiterHUiiuliir tvlocll)' lu (lie lowur lulKuiltsiif theSun, nlll be 
heron. !««(■ Ait«, liMnDil ]&'. 
a Slawnrt-i duunin, AaCur*. XXXIII. %S. 
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back /rom recent years, we observe that the elonga- 
tion of this luminosity continually diminishes, in com- 
plete accordance with this view of its greater angular 
diffusion in past years.* The same consideration also 
furnishes a very probable explanation of the remarkable 
period, 1672-1713, during which scarcely any sunspots 
appeared at alLf For it seems quite possible that the 
solar and planetary connexions may have maintained 
a state of changing equability of distribution all around 
the solar equator during that iwriod. 

This is not the first time that the movements of the 
planet Jupiter have been suspected to bear a definite 
relation to the sunspot periods. But owing to the 
disparity of the two periods — that of Jupiter being 
about 11,86 yeara, while the sunspot cycle is about 11.2 
years — the idea was abandoned. The changing posi- 
tions of the solar connexion and of its several com- 
ponents, however, appears to overcome this difficulty. 

65. Salience of InvisibU Heavenly liodlfs. — But 
another difficulty arises in connexion with this view, 
viz., If tbe Sun's primary connexion, or its components, 
are continually changing position, the bodies to which 
these connexions extend ought also to change posi- 
tions in exact corresjKindence with these connexions. 
Yet no such change of position of any heavenly 
body is observed to take place in that or any other 
quarter of the heavens; although, from the nature of 
tlie case, the bodies to which such connexions extend, 
would probably be quite equal, or even more than 
equal, in magnitude to the Sun itself. 

This is apparently a very serious difficulty; but tho 
connective theory itself, when applied to the varions 

•SeeO. T. Sbamum'sdliigraniin Hiitvn, XXXI II, ue. 
f See SiaUtn. XXXtX, UO. 
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stages of cosmical evolution in detail, furnishes a proba- 
ble explttoatioQ of it. We must here anticipate the 
results of this application and postulate, with Lam- 
bert, the existence of dark heavenly bodies; and not 
only their mere existence, but their far greater number 
than that of the bright ones. This view does not 
indeed fall in with the views of most recent astrono- 
mers; but there really is no serious objection whatever 
orged against it. According to the connective theory, 
the sidereal sphere is one system everj' member of wh ich 
revolves about a common center. This system is made 
up of sub-systems, and so on down to probably twenty 
or thirty successive systemic orders; and each of these 
syetems has a common center of motion for its own 
members, and has also, as a whole, the proper motion 
of each larger system in which it is included. But of 
course all of these motions which would be visible to us 
from stellar distances would be of a comparatively vast 
magnitude and consequently of extremely small angular 
Telocity. 

And further it is also a deduction from the new 
theory that the Sun, e. g., is continually cooling; that 
the spots which we observe upon its surface are the 
inchoate attempts at crust formation; that further cool- 
ing will increase the spotted area; and that eventually 
a solid crust will thus be formed over the entire sur- 
face of the Sun, so as to render it, at least to a distant 
observer, a cold and dark body. It is a similar 
deduction also that every member of the solar family 
was once self-luminous, as the Sun is now, bat that, 
by cooling and similar crust formation, they have 
become cold and dark, as the Sun in all probability 
will bo. Now (regarding the asteriod? as one planet), 
there are in the Solar System nine principal and twenty 
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smaller regularly derived bodies; and of these twenty- 
nine bodies aJl are dark except— shall 1 say one i Not 
exactly, for the new theory teaches that, were the 
overpowering effects of sunlight extinguished, at least 
two other bodies (Mercury and Saturn) would be 
self-luminous. Here then are only three bodies out 
of twenty-nine, or about one in ten, which are self- 
luminous. Yet the same reasoning exactly applies to 
any other system of the sidereal sphere, of whatever 
order just as well as to the Solar System. So that, 
of that system from which the Sun was imme- 
diately derived, the Sun itself may be the only self- 
luminous member of sufficient magnitude to be 
visible to us. The central body or sun of that system 
from whose bosom they originally came is justas likely 
to be dark to us as any other member; but even if it 
were bright — even if it were one of the splendid group 
of first magnitude stars which lies in that direction and ■ 
which includes, not only the most brilliant, but also 
about half of all such stars in the whole heavens — we 
are not prepared to say with much probability whether, 
under the circumstances, the light, even from such a 
star, reflected by the darkened planetary bodies derived 
from, and revolving around it, would render these 
bodies visible to uaor not. At least it does not seem 
improbable that the angular diffusion of the Sun's 
primary connexion, which our investigations appear to 
predicate, are due to the orbital motions of many 
darkened sister suns, which revolve at angular veloci- 
ties different from that of the Sun around a commoo 
orbital center. 

56. Suiereal Conn^cwns and Sunspots. — Still an- 
other ditBculty has no doubt occunedlo the reader. The 
zodiacal light, or the Sun's primary connexion, extends 
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from that luminary in one direction, but tlie line of 
greatest sidereal extension is aluiost exactly in the 
opposite direction; and since the greatest amount of 
8olur connexions must lie in tins last direction, bow 
can it be that, when Jupiter's connexion coincides with 
it, there is a minimum of solar atmospiieric elevation 
and conseqnently of sunspots ? The reply to this is 
that it is not the quantity of the connexions ivhich 
affects the elevation of the solar atmosphere so much 
as the kind. The sidereal connexions on tije one side 
are about all ivith distantly related bodies. They have 
been sifted again and agam from the secomlanj con- 
nexions of the successive orders of the sidereal sub- 
systems down to the Solar. At every sifting the 
stronger components of the connexions were, in all 
probability, left behind, and the more superfluous, least 
HSeii, and weaker components taken up. So thai when 
the Sun, as it separated from its parent sun, took up its 
due proportion of the already more than thrice blown 
sidereal connexions of that body, the very faintest, 
weakest, and literally most useless components must 
have fallen to its share. And these are the connexions 
which, though comparatively great in quantity, owing to 
the comparative greatness nf their number, extend from 
the Sun in the opposite direction to that of its primary 
connejcion. The latter, on the contrary, is in its pristine 
strength, and togetherwith the next most important con- 
nexions in this resjK'ct(with the exception of the primary 
connexions of the planets), viz., the secondary connex- 
ions with the Sun's sister planets, it serves as a snpport 
in and around which the surrounding solar atmosphere 
may ccdJect and up-cHrab, The Sun's primary connex- 
ion is also in a continual state of strum, owing to its 
funoUnn of restmining the Sun in its orbital motion, 
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and this strain would, of itself, serve to elevate the 
solar almosphere within it: whereas, the sidereal con- 
nexions have no such restraining function, are too 
refined even to transmit heat-motion, and serve only 
t.0 convey a faint amount of light, and even this, in ail 
probahility, consisting of the moat refined components 
of light-motion. All this is also implied in the appli- 
cation of the connective theory to the cosmical distri- 
bution of light and heat, and to the aerial and oceanic 
tides, and will receive further elucidation when these 
phenomena are discussed. 

57. The Connective Variation of the ^^ Zodiacal 
Light"' and Other Poi-tiom of the Sidereal Fimtor Uj>on 
t/i£ Earth. — This seems to be the proper place, also, for 
saying a few words further about variations of the 
Earth's connexions with the Sun's primary and sister 
planets as affecting the connective substance in our 
atmosphere. These variations have already been in- 
cluded in the sidereal factor; but their consideration 
in somewhat greater detail may not be uninslructiv& 
Did we know the actual magnitude of the Sun's pri- 
mary and sister planets, we might, on the basisalready 
employed, Snd the limiting value of the variations of 
its connexions u])on the Garth. But this we do not 
know, and it so happens that, for the present purpose, 
it is not necessary for us to know. For, as already 
stated, the variation arising from this cause has almost 
precisely the same period as the sidereal variation, and 
the two are, at the present time, ilii-octly antagonistic 
because their sources are in diametrically opjiosito 
points of the heavens. In effi'ct, thei-efore, it amounts 
to just the same as if the sidereal factor hod been 
found less powerful, or the solar factor niure powerful, 
by the amount of the faclor now con.'iidfred. The 
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DTial resnUs and indications of Table III are wholly 
onaffected by it for reasons already stated. And. at 
present, it appeal's to be of tbeorutical importance, 
chiefly as corroborating the Flood legends already 
referred to. Since the Sun's primary is presumably 
manv times larger tban Llic Sun itself, tlie value of the 
variation of this component van not be much less tban 
that of the solar factor. Indeed, if we should assume 
that the former was a thousand times as large as the 
latter, so that the Sun'? primary connexion would 
be a thousand times more massive for equal lengths 
than the primary connexion of Jupiter, then the 
value of this factor would, on the basis employed, 
be no less than about fifty times that of the 
solar factor. Now, as the Sun very slowly revolves 
around its primary, this factor, instead of being in 
direct opposition with the sidereal factor, would event- 
ually be brought into conjunction with it. And as the 
latter, judging from its effects, must be superior in 
value to both the other factors, still more tremendous 
floods might characterize such conjunction than in the 
case of the conjunction of the sidereal and tlie solar 
[actors ; and even the conjunction of all those 
factors, so far as can be seen, seems not improbable. 
But as we do not know at what angular rate the Sun 
performs its proper orbital revolution, we are quite 
onablc to say at what time any conjunction involving 
tliis factor (or rather the main part of it) would take 
place. 

We have now considered the last remaining signifi- 
cant factor of the connective variation in our utmos- 
plier& The almost gcomotricaUy diminishing massive- 
ness of the connexions with the arithmetically dimin- 
ishing relationship of the l}odies they connect (owing 
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to the stuallness of the derived, as compared witL tlio 
primary, bodies) would render the value of any indi- 
vidual connexioQ between bodies related beyond the 
second degree of kinsbi]*, too smalt to affect perceptibly 
the results already obtained. 

58. T}ie Solar Corona. — Since, in the orepusculai" 
light of the dawn and the twilight, we are able to ob- 
serve the Sun's primary connexion, or at least a por- 
tion of what we suppose to be the Sun's primary con- 
nexion, extending outwards to its parent system, the 
question arises — Why are we" not able to observe the 
planetary connexions at the same timel The answer 
is that the planetary connexions are suppusably 
much less voluminous and massive than the solar ooa- 
nexions; and that, consequently, the former, if visible 
at all, would be so only in the immediate neighborhood 
of the Sun, where, perhaps, extremely rare ^iisoous 
constituents arising from the Sun itself might contrib- 
ute to their visibility. But, at the time the '•zodiacal 
light" is observed, the immediate neighborhood of tha 
Sun is, of course, below the horizon. 

There are, however, certain rare occasions when the 
face of the Sun is hid from, while ils immediate neigh- 
borhood is still exposed to, our view ; and these occa* 
siuns furnish us the strongest possible evidence confirm- 
atory of the existence of these connexions, as above 
suimised. When the Sun is eclipsed by the Moon, rays, 
or streamers, are seen to project outwards from the 
sular etjuator in various directions and to various dis- 
lanccs. I*rof. Langley states that, in the eclipse of 
1S78, the streamers could be tracetl to a distjinco o( 
fourteen millions of miles. But, if the effects of fore- 
shortening were taken into consideration, thoir real 
extension wonld no doubt bo found to be much griiater 
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even than this. These streamers appear perfectly 
8l«ii<]y and pemuinent so long as the circumstiinoes 
Itcriuit them to be seen at any one time ; but between 
Moe woiipse and another, they vary their positions, so 
lliat in any tivo ecli[)3e8 they are not alike. 

What are these raya or streamers of the Sun's 
corona? The most eminent students of solar physics 
tell OB frankly that they do not know. " The sun is 
doubtless surrounded by a gaseous atmosphere of a 
certain extent, but there are a number of reasons why 
the corona sliould not be regarded as a prolongation of 
this atmosphere. A gas even a hundred or a thousand 
times ligiiter than hydrogen, at the height of the 
corona, would, at the sun's surface, be heavier than 
metals; a state of things which spectroscopic and other 
obserTations show can not be the true one."* Tlie 
same scientist also spuaks of " the relative permanency 
of the coronal forms during several weeks," and states, 
" If the forces to which the corona is due resiiles in the 
Bun, the corona ought, of course, to revolve with it; but 
if the corona is produced by causes extraneous to the 
s.un, it may be otherwise," The fact is, that the 
corona does not revolve with the Sun, as its "rel- 
alive permanency during sevei-al weeks" indubitably 
attests. But that it has a peculiar revolution 
of its own, the following extract from an excellent 
authority sufficiently demonstrates: "If the photo- 
graphs taken during eclipses in the past twenty years 
are compared with each other, it will be seen that 
the corona varies in a regular way with the state 
of the snn's surface, although there are irregular 
minor changes. At the suns]x>t minimum, the corona 
is much more regular than nt the maximum. At the 

■ Dr. HvgtlB'. io ■ Icclure at triR Rojtl Inatltutlou, Feb. 30. tWL. 
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iiuiximuin there is practically no regularity at all ; the 
lo[ig streamers go up Bometimes in one dirdclion aod 
sometimes in another, and this last year (t883), near 
the sun-spot maximum, there was absolutely no sym- 
metry in the appearance of the corona." * This (as 
well as the quotation from Lockyer, Art. 53) is in 
[)recise accordance with the theoretic conclusion just 
discussed regarding the relative aggregation of the 
principal connexions at maximum sunspots and their 
more equable dilTusion on all sides of the Sun at 
sunspot minimuin. 

By the new theory, the coronal phenomena are 
understood at a glance to be nothing more than the 
Suu's connexions with the heavenly bodies. The solar 
connexions with certain bodies would, at times, owing 
tu the varying positions of these bodies, lie in about 
the same direction from the Sun, and thus would 
Irecome visible to us as a "ray," or "streamer," or 
"nidial glory.'' The visibility could not, however, ex- 
tend very far, as the connexions diverge as they proceed 
outwards from the Sun, and thus the density of the 
"ray" is diminished. It also becomes intelligible that 
the positions of the "streamers" do not vary during 
the time of an eclipse, but that, during the far greater 
period between eclipses, remarkable changes in their 
|K)iiLtions take place ; all of wliicb observation shows 
to be the case. Another most significant feature is 
<lfscril>ed by Mr. Lockyer as follows : 

" At Until the poles, north and south, (of the Sun) 
then^ is a womlerfu! curving, right ami loft; this o\iU 
cui-ving having been one of the most exquisite things 
which it is possible to imagine. 
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"There is further evidence indicating that tlie 
equatorial extension on the pbotogTajjh may only, after 
all, liave been a part of a much more extended phe- 
noinenon, one going to Eilmost incredible distances — 
oonKidering it aiS a solar atmosphere — from the sun 
itself. 

" It has alreatiy been staled that at that eclipse one 
observer took extreme precautions to guard his eyes 
from being fatigued by the light of the Inner corona, 
which sometimes is so bright that observers have mis- 
taken it for the limb of the sun itself. What this gen- 
Ueman, Prof. Newcomb, did -was to erect a screen 
wliioh covered the moon and a space 12' high around 
it. The result was, that as soon as he took his station 
at the commencement of totality, he saw a tremendous 
extension of the sun's er|uator on both sides the dark 
moon, the extension being greater than that recorded 
in the photograph. It does not follow that the photo- 
graph gives U8 the totality of the extension; it may be 
that the extended portions may have been so delicately 
illuminated, that they would not impress their image 
on the photogniphio plate in the time during which 
tliat plate was exposed, or that the light itself is poor 
in blue rays. So considerable was this extension, 
amonnting to six or seven diameters of the dark moon, 
which practically may be taken to be the same as that 
of the sun behind it, that Prof, Newcomb had at once 
suggested to hira the zodiacal light." "The drawing 
made in 1867 gives us the same result. We again get 
the ecjuatorial extension east and west, and the won- 
derful outcurvtng right and \vh from thesun's poles."* 

As all the nieinhors of the Solar Sj'stem, and also 
in nil probability the Hun's prinuiry anrl sister systems 
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lie very nearly ia the plane of ihe Sun's equator, this 
" tremendous extension of the coi'ona in the direction 
of the solar ctjuator," as well as '-' the wonderful out- 
curving right and left from the sun's poles," becomes 
at once intelligible by the now theory, and sen'es 
moreover as a wonderful corroboration of iL 

By this theory all other bmlies of our system have a 
corona as well as the Sun. But as the latter is a cen- 
tral body and vastly larger than any of them, its corona 
would therefore be far more dense, and so more likely 
to be visible to ua. It may be mentioned here that Mr. 
"W. H. Pickering of Harvai-d College, in attempting 
to photograph the solar corona in full sunshine, 
although his plates showed several corona-like mark- 
ings, yet regarded Ihera as clearly not due to the true 
corona ieoause si-milar jnarkhiffs were found in front of 
the Moon.* Of whatever value this discovery may 
eventually prove in the light of new facts, it is plainly 
what the new theory leads us to deductively, as the 
Moon's comparative nearness would perhaps make its 
connexions visible to us in spite of their much greats 
rarity, 

59. Relative Visibility of the Various Solar Con- 
nexions, and their Jleal Direc ioris as Viewed in tha 
liaya of the Corona. — But a further question arises — 
If some of the planetary connexions are visible at the 
time of a solar eclipse, ought not the solar connexion, 
or the zodiacal light, owing to its greater density and 
prominence, to l>e much more conspicuously visible, 
and to a vastly greater distanced To which tlie reply 
is, that while the solar connexion would for this re.ason 
be more conspicuously visible — and, in general, very 
probably is so — it would not reasonably be exi)ecl 
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be seen to a much greater distaDcc owing to the mucti 
greater amount of sunligiit in the air during an eclipse 
tbaa at the time it is viewed as the zodiacal light. 

Aethe real position-angles of the coronal streamers 
have not in the past been very systematically observed, 
it 18 extremely doubtful that the real positions of the 
planets could be deduced from the apparent positions 
of the coronal rays observed in past eclipses. But one 
eclipse, that of July 29, 1878, observed on the summit 
of Pike's Peak, Colorado, from the minute details of it 
given in the Report for 1880 of theChiefSiguai Officer, 
U. S. Army, who, with several other distinguished ob- 
servers, was personally present, appears strikingly to 
show the two principal connexions in opposition with 
each other (it being the year of sunspotniinimum), the 
solar connexion extending outwards in the background 
beyond the Sun, and that of Jupiter extending in the 
direction of the Earth, the two planets being then 
almost exactly in conjunction. These two great stream- 
ers and their apparently direct opposition to one 
another, are the only prominent characteristics of the 
corona observed on the Peak itself, and they are the 
most prominent characteiistics in the twenty-seven 
sketches of the eclipse at different places which accom- 
pany the Report, •' The positions of the rays or beams 
seen by the different observers all agree with each other 
irithin the limits of accuracy of the sketches. How- 
ever various may have been the impressions received by 
tlie different observers, yet each failed to see and 
record any material change during the two or three 
minutes that the corona was visible to him. We thus 
have twenty-five little intervals of two or three min- 
ates each, many of which overlap each other so that 
in effect there is a continuous line of testiiiionv to 
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the permanence of the appearance of the corona.* 
(p. 922). 

A casual glance at the streamers (ns observed on 
the Peak by H. 11. C. Duiiwoodv, for instance), does 
not, indeed, give the impression that one of them extends 
towards the observer and the other beyond the Sun ; 
for both apparently extend at right angles to the line 
of sight. But this would obviously he the case, how- 
ever small the inclination to the line of sight (tbe Earth 
was 44" in advance of Jupiter at tlie time, and, it being 
about 4 o'clock p. m., local time, Jupiter's connexion 
would therefore appear to extend from the upper left- 
hand corner of the Sun), for the same reason that the 
raya of a lighted candle, which really enter the nearly 
closed eye of the observer, appear to him to extend 
from the flame in opposite directions almost at right 
angles to their real direction. It is, therefore, a matler 
of some difficulty to determine tbc real directions in 
which the coronal streamers extend ; and too much, 
perhaps, is assumed when the two principal connexions 
in the sketches alluded to are regarded as in opposi- 
tion. But the prediction is here ventured that, with 
more systematic observations in the future with 
respect to this special subject, the directions of the 
coronal rays will be found to coincide exactly with 
those in which tbe bodies lie to which they respectively 
extend; and two of these bodies will be Jupiter and 
Saturn, while one oi^ more will lie beyond the planetary 
limits and belong to the Sun's parent system. 

00. Summary of the Results J^r<mi this Inquiry.— 
We have now completed the inquiry into the connec- 
tion between the planetary muttons and the phenomena 
of precipitation in our atmosphere, spots on the Sun, 
the zodiaoal light, the solar curoou, etc., and while vra 
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have met with no evidence whatever, going to disprove 
such connection, we have found many valuable evi- 
dences which go to show that such a connection really 
exists. The principal portions of these evidences may 
be here briefly recapitulated. 

In the first place, it was assumed that the pi inets 
were connected with the Sun and with one another by 
matorial cords or connexions, and the purpose of the 
inquiry was in part to prove or disprove in a degree 
the actual existence of these connexions; because if 
their actual existence were proved, the connection in 
question would obvicmsly be at once established, and 
if their existence were disproved, the whole inquiry, 
which was basetl on their supposed existence, would 
(all to the ground. 

The relative variations of the supposed connective 
substance in the case of each principal planet of tlie 
Solar System were then computed, and those bodies 
which, other things equal, produced comparatively 
insignificant variations, were disregarded. Comput- 
ing the variations for each of the remaining botlies 
for each month of a period of more than half a centr 
ury, and obtaining the algebraic sum of the results, 
both for each month and for each year, the first 
evidence in favor of the existence of such inter-plan- 
etary connexions was brought to light in the fact that 
the periods of years during which tlie quantity of the 
Connective substance in our atmosphere would be below 
the average and above the average, were found to be 
almost precisely parallel with the periods of years dur- 
ing which the area of black spots on the Sun was below 
the average and above the average respectively ; the 
chance occurrence of such a parnlk-lism for so long a 
periwi on any other basis being deemed improbable in 
the bigliCiit Ut^rce. 
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Tlie seconiJ evidence for the existence of matenu 
inter planetary connexions was the equally exact coin- 
cidence of tbe iwiods during which the connective snb- 
stance in our atmosphere would be above the average 
with those periods during which the auroras and the 
quantity of atmospheric precipitation were actually 
observed to be in excess of the average ; and also with 
those in which the barometric pressure was observed 
to be below the average; the most reasonable view 
l>eing that a considerable excess of the connective 
substance in our atmosphere would cause a correspond- 
ing excess of auroras (which would bo merely streams 
of the connective fluid itself), and of atmospheric pre- 
cipitation (which would be simply a condensed form of 
the connective fluid) ; the diminution of pressure accom- 
panying the excess of connective substance being due 
to the high elevation, or region of diminished attraction 
of gravity, which the rarer atmospheric vapors are, in 
consequence of the more elevated connective atmos- 
phere, enabled to attain. 

The third evidence supporting the material plan- 
etary connexions was the correspondence of the deduc- 
tions derived from them to the views of modern 
astronomers, according to which our world is situated 
considerably to one side of the center of the Sidereal 
System, Agreeably to this view, the connective sub- 
stance would accumulate on the Earth while it was 
moving towards the jwint in which the greatest linear 
extension of the heavens from the Earth lies, and would 
be drained away while moving in theoppositedirection. 
The former movement occurs in the first half of ihe 
year, implying, when necessary allowances arc made, 
more than the average precipitation during oursummer 
seasons ; and the latter occurs in the Utter half of the 
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year, equally implying less than the average precipita- 
tion in our iviutui' seasons — all of which is in accord- 
ance with uctuul ril>servatioii. 

The fourth evidence found in support of material 
planetary connexions was the simple manner in which 
the sunspot periods iidmitteii of ex[)lunation by means 
of them. It was found that the sunspot maximum 
nearly always iwcurred when the great planet Jupiter 
was in a certain lonffitude, with respect to the Sun, or 
in the neighborhood of the great stars Aldebamn, 
Capella, Siriua, Alpha and Beta Orionis, Procyon, 
Pollux, and Uegulua— all of which are of the first 
magnitude and form such a splendid galaxy as no 
other equal area of the Iieavena can nearly approach. 
Poshing the inquiry further, it was found that the vast 
luminous hand calle<I the zodiacal light extended pre- 
cisely in this direction, and occupied the same heliocen- 
tric angle as the group uf stara Just named. It 
became evident, therefore, that the so-called zodiacal 
light was nothing else than the material connexions 
Qoiting our Sun with bodies not very distantly related 
to these stars and others in this neighborhood. And 
the sunspot maximum would bo due to the aggrega- 
tion upnn one side of the Sun of Jupiter's primary 
connexion and the Sun's connexions with these bodips. 
Fop, by means of this aggregation of connexions on 
one side of the Sun, the solar vnjwrs would be enabled 
to ascend to couifiaratively great elevations, where 
tl»ey would cool, condense, and fail to form the spots 
in exact accordance with the observations and 
dwluDtiong of all mmlern students of solar physics. 
Thia Tiew was still further corroborated when It was 
fnaod that the sunapnt minima corresponded, with 
about equal exactness, to the times during which the 



129 INTRODtTlTlnN TO A NKW THKdlJV. 

planet Jupiter lay in the direction from tbo Sun 
opposite to that which it occupied at maxitnuin san- 
spotg. 

And the fifth and last princi])al evidence in favor 
of the existence of material planetary connexions is 
tiiat toe uctvoJlij see them with the naked eye., not only 
in the zodiacal light, but also in the streamers of the 
solar corona. It is possible of course that these 
streamers and coronal rays are not material con- 
nc'xions extending outwards from the Sun to neigh- 
boring heavenly bodies; but they certainly present 
the exact appearance which such material connexions 
would make on every occasion of their observation by 
us; and thev certainly have remained for all these 
centuries up to the present" time confessedly inexpli- 
cable on any other basis. And the same remark also 
applies to the sunspota, the zodiacal light, and the 
known variations of the numbers of auroras and the 
amounts of atmospherio pressure and precipitation. 

61. PoisaiUe Ohjectiont to the New TJwory. — Tliese 
are strong, indeed, for all that have so far appeared to 
be contrary, incontrovertible evidences in favor of the 
connective theory. What now are the evidences against 
it? Will it be adduced as an evidence against it that 
the opposed force-theory has long been established and 
generally accepted? Perhaps so; but agninst such 
e\'idence argument is useless. The only ho|>o of con- 
futing it is in the increased intelligence and ltl>erality 
wbich the human mind may eventually attain. 

One apparently serious objection, and the only one 
which, so far as ive have gone, seems to be conceivabli!, 
is the various effects u)kjii terrestrial heiit, light and 
gravitation, which the dcducfi<l various quantities of 
connective substance in our atmosphere might be Bap- 
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posed to preditiute. Thus the solar connexion is prob* 
ably us dense for equal volnmes as finy other which 
falls upon our planet. How is it, tben, that on the 
side of the Earth upon whioh the connexion falls, the 
attraction of gravitation is not measurably increased, 
since it IS u|>on the density of this connective atmos- 
phere that that attraction is held chiefly to depend '( (See 
Art. 24.) In other words, why does not an object 
weigh more during the day than it does during the 
night? Also, the enormous accumulations and drains 
caused by the variations of the predominant sidereal 
connexions — would they not also be accompanied by 
corresponding variations in the light, heat and gravita- 
tion iQaiiifested upon our Earth, since it is upon tha 
quantity of the connective atmos[>hcre that these 
phenomena also depeud ) 

In reply to these objections, it may be stated first, 
tliai, as already intimated, the connective atmosphere 
of the Earth ismade up of innumerable individual con- 
nexions — connexions not only with all tiie heavenly 
bodies visible to the naked and the telescopic eye, but 
also with countless others of which the eye or the 
telescope furnishes no evidence. It seems reasonable 
to suppose, therefore, that the density of an atmos- 
phere thus constituted would not be affected by the 
addition or withdrawal of any one connexion, even of 
that with the Sun, to any sensible degree. Owing to 
the eccentric position of the Earth with respect to the 
cdeatial sphere, tlicre would obviously be a greater 
number of connexions, and therefore a possibly denser 
connective atmosphere on that side of the Earth on 
which the greater portion of the sidereal sphere was 
nlUAti^l. Bnt granting that the connective atmos- 
ptiere on one side would bo wry cousiderably increased 
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owing to this cause, or a combination of similar causes, 
it is also true that the supposed change of density would 
take place slowly, and, as the movements of the free or 
reserve connective substance in our atmosphere is much 
more rapid, is, in fact, literally as quick as ligliintng, 
there would be ample time for this free connective sub- 
stance to move from the side of greatest pressure to the 
op[x>8ite side, and thus continually maintain a very 
approximate uniformity of density on all sides of the 
Earth. Of course it is not implied here that greater 
elevation of the connective atmospliere does not occur 
upon one side of the Earth than upon the other. Such 
greater elevation of the connective substance (accompa- 
nied no doubt by greater aerial elevation) would be 
owing to the location of principal primary connexions 
on that side, and would, therefore, of itself, tend to 
equalize the distributioQ of oonnectiTe density and 
pressure. 

A further consideration is tliat the connective 
atmosphere itself does not revolve with the Earth in 
its diurnal revolution. It is, indeed, bodily carried 
along with the Earth around the Sun ; but it is abso- 
lutely fixed with respect to its axial rotation. There- 
fore, an equable distribution of pressure or density, 
once attained, would be unaffected by an accumulation 
or drain from any particular direction. 

If it be objected that the density (and consequently 
the functions) of the connective atmosphere, as a whol^ 
changes, from time to time, with the variations of its 
connective substance, it may be replied that the con- 
nective atmosphere of the Earth is vastly moi-e exten- 
sive than the limits either assigned or assignable to its 
aerial atmosphere. TIjub the influ.'c. or the efflux, of 
the enonnous volumes of connective substanc* involved 
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by the variations of tbe terrestrial connexions has a 
correspondingly inferior effect on the connective dens- 
tty. And another consideration m this res[}oct is that 
an increase of connective pressure and consequent den- 
sity above the normal, even if it did exist to some 
extent in particular localities, would quickly be 
r6lie("ed by precipitation of the surplus connective sub- 
stance into some form amenable to the attraction of 
gravity, and therefore no longer contributing to the 
sum of that attraction. The converse of this is equally 
true. A deficiency of connective pressure and density 
would be relieved by -transformation of previously 
precipitated forms into the original state. So that 
very probably no perceivable variation of connective 
deiujity could exist in our atmosphere, owing to this 
oausc. 

But supposing that variations in the density and 
functions of the connective atmosphere did actually 
exist — that, for instance, the absolute effect of tbe 
attraotion of gravity is really variable within tolera- 
bly wide limits — we might in turn become critical, and 
inquire how wa could ever become conscious of such a 
variation. We never could detect such a variation by 
means of the balance, for very obvious reasons. And if 
it be replied that the variation might still be detected by 
mvunsof the elastic strength of springs, or by means of 
mascu lar sense and strength, the inquiry at once occurs 
— is liny one really prepared to demonstrate that the 
vlastio strength of springs, and even the energy of mus- 
cular action would not be affected in precisely the same 
manner as the attraction of gravity? May not every 
molocnle of the spring, and of tbe mascle, and even 
of the perceiving brain, have a proper connective at- 
mosphere of its own (as Ilelmholtz and others strongly 
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suggest) ayton the density of whicii the energy of their 
action depends, and the density and energy of which 
are in turn dependent on the density and energy of the 
general atmosphere? 

62. 77ie Tests of the Connective Tlieory which yet 
liemain to be Considered, — From every point of view so 
far obtained, the objections to the connective theory 
are seen to dissolve away into insignificance. No 
other objections can be imagined at the present time 
that could seriously be urged against it. Is the reader 
then, still unsatisfied with the credentials of tho new 
theory? And, if so, how is it possible to convince him 
further of its genuiness and truth ? 

There are two ways still open in which this may be 
accomplished ; lirst, the existing theory may be shown 
to be inconsistent with the principal phenomena within 
the province which it is supjvjsed to govern; and second, 
these and all the phenomena of nature may be shown 
to be in exact harmony with the new theory. But 
to employ either of these methotis in fullness and 
detail is very obviously quite impossible within 
the compass of these pages. The only further course 
in this case therefore appears to be a very cursory ex- 
amination of a few principal phenomena with re- 
sjtect to both theories with the object of showing tho 
mei'it or demerit of each. And, as the reader is no 
doubt extremely chary, and justifiably so, of accepting 
new views until every reasonable assurance of their 
correctness is given, this course will be adopted. 

Perhaps, after all, a complete conviction of the rela* 
tive correctness of the new theory can not be expected 
to follow from so incomplete a consideration of tlie 
facts. But if it can be sliown that of many «f J 
most important phenomena of coainical uvtiluti 
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currenl theory furnishes not the slightest conceivable 
explanation, and that, by a few, it is squarely 
contradicted, white a// of these phenomena are shown 
to be fnlly in harmony with the new theory — does it 
really seem unreasonable to expect that the superiority 
of the new theory over the old would then be generally 
conceded ? 

To prevent misconception, it may be remarked that 
the old theory here refers especially to the idea that 
light and heat and a "foroe" of gravity spread out- 
wards from every body to indefinite distances in 
nooordance with the Jaiv of inverse squares; and that 
the lutw, or cutinsciive tkevry refers simply to the idea 
of niateriat, hut highly tenuous and clastic, interplan- 
etary connexions, and that in, and by means of, these, 
togi'llier with the connective atmosphere which they 
involve, the phenomena of gravitation and the trans- 
mission of heat and light are wholly manifosted. 



PART II. 



OBJECTIONS TO THE THEORY OF 
GRAVITATION. 

Eveiy b7potbeai8 is bound to explain, or, at aay rate, not bo 
Inconsistent with, the wliole of the facta wbicb it proK'sscs loftccouut 
for: and it Ibcre is a single one of tlicae facta wblcli can be abown la 
be inconsistent with (I do noi merely mcaD inexplicable bf , but coo- 
Inry U>) the hypothesis, the bfpothGEds falls to Che gToitod; it ia 
worth DOlhlag. Prof. Huxtq/. 
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63. The Primal Stale of Mntte-r.—hei us b^n 
with the most general cosmologicul conception involved 
ID the nebular hypothesis^" that of a nebulous matter 
dispereed in masses throughout the immensity of tlie 
lieavens." This appears to be the postulate of Kant, 
Uuyghens, Sir W. Herschel, Laplace, and more recently, 
HcH)ert S|wncer. It is not, however, tho moAt general 
oosniological conception; for Anaxagoras, Democritus, 
Descartes, Newton, and, it seems, Sir W, Thomson, havo 
believed that there priraordially existed <t universal 
homogeneous medium, or "primitive fluid," as Sir W. 
Thomson calls it— which certainly appears to lio tho 
true Btarting'point of cosmical evolution. But tbu 
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QniversaJ medium may be considered as a grander type 
of n systemic nebulous mass; and the same reasoning 
will then be applicable to both. 

64. Atomic Aiiraaiion and liepulsion.—We shall 
discuss, then, a vast nebulous mass, employing it as 
the representative of any nebulous mass down to the 
dimensions of the Solar System. And, regarding the 
phenomena likely to originate in such a mass, we may 
examine here chiefly the views of Mr. HeTbeit Spencer, 
which also appear to be approximately those of the 
most eminent scientists on this subject. 

" Given a rare and widely-diffused mass of nebulous 
matter having a diameter, say as great as the disUince 
from the Sun to Sirius, what are the successive changes 
that will take place in it?" First, " mutual gravitation 
will approximate its mass;" and second, "the approxi. 
malion will be opposed by atomic repulsion," Now here, 
right in the start, is something tiiat seems very curious. 
The atoms attract one another and they rej>d one 
another at the same time; the clashing of their action 
causing •' the evolution of heat." To use plain language, 
this idea seems no more conceivable than if it were said 
that the atoms (in the words of the Greek philosopher 
Empedocles designating these two tendencies) hoihloved 
and haUd one another at the same time. If any two 
atoms were materially connected, such opposite actions 
might be intelligible, for, while gravitation would pull 
them towards one anotlier, the material connection 
might bold, or push them apart. But, there being no ma- 
terial intermedium, how the two atoms can push-pull, or 
poll-push one another as above intimated, appears to bo 
entirely beyond the power of the human mind to grasp, 
65. Cooling nnil Prei'tpit'itwn of tkf Primordial Va- 
for. — Bat passing over this dilBcnlty — " As fast as this 
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beat partially escapes by radiation, further approxima- 
tion will take place, followed by further evolution of 
heut, ami so on continuously. When a certain amonnl of 
heat and piesBure is tlins attained, some of the atoms 
will suddenly enter into chemical union," But an- 
other difficulty occurs here ; for Prof. WiUiiini Crookes 
and others maintain that gravitation can exist, or 
operate to appro.ximate atoms, only after their chem- 
icalunion has already taken place.* But,tocontinue — 
"When radiation has adequately lowered the tempera- 
ture, these newly found primary atoms will precipi- 
tate . , . will aggregate into _fiocciili, as water precipi- 
tated from air forms clouds." These JloccuH, acted 
upon by gravitation, "must not only be drawn to their 
common center of gravity, but also toward neighbor- 
ing jZocCTi^i. Hence the whole assemblage ot Jlocculi 
will break up into subordinate groups, each group con- 
centrating toward its local center of gravity." In 
very large nebute, these groups would become stars 
and systems. 

66. notation by Precipiiati'fm of Irregvlor Flocculi. 
— ^TheSocculi have irregular sha])es, somewhat like snow- 
flakes, and, in consequence of this, their motion through 
the rarer substance of the nebula towards the center 
will not be in straight lines, but spiral or oblique. 
" What now must result when a flocculus having such 
oblique movement, encounters in its progress a mediom 
that is always denser on the side towards the center 
than on the side away from it? There must perpet- 
ually be caused a deflection by the difference of pres- 
sure," which " will tend to bring tha foccuhia to one sido 
or other of the common center of gravity." "Each 
^occulus, in describing its spiral course, mufit give 

•A'iituie,XX.XIV,13I. 
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motion to the rarer medium through which it is mov- 
iiig." "The probabilities are infinity to one against all 
the motions thus impressed on the rarer medium bal- 
ancing euob other," and " the inevitable result must be 
a rotation of the whole mass of the rarer medium in 
one direction." The "preponderating momentum in 
one direction . . . must gradually arrest such Jlocculi as 
are moving in opposition, and impress its own motion 
upon them; and thus there will ultimately be found a 
rotating medium with suspended fiocculi partaking of 
its motion." 

Mr. Siwncer's object here is chiefly to show how a 
rotation arises in a nebulous mass, such as the original 
Solar gpheroid. Now, let it be granted that gravitation 
will uppruximato the masa-atoms; that com|)ound lloc- 
cali will consequently be formed; that the fiocculi 
will he of irregular sha^ie; that the central rarer 
medium will bo most dense; and that the direction of 
motion of the floccuH towards the center will therefore 
be spiral or oblique — all of which are quite open to 
debate— it is still imjKissible that rotation of the mass 
as a whole can consequently arise. 

If, at any distance from the mass-center, flocculi 
should be drawn towards that center, it is clear that 
the rarer medium through which tlie fiocculi moved 
would also be attracted towards that center; and 
although the rarer medium may not have actually 
upprooched to the center so much as the fiocculi, yet it 
would be held to that center firmly by the agency 
which carried the fiocculi inwards. Therefore, from 
the utmost distance at which a Socculus would move 
inwards to the center, the rarer medium through which 
it mored would belong to the central mass towards 
which the flocculus was attracted. In fact, the rarer 
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medium would be the so-called atnuurpliere of the 
central mass, and would always appertain and adhere 
to that mass at least until the formation of the first 
vapor-ring. 

In that case, then, how can any motion of the mass 
as a whole ever arise? Does not the motions and the 
irregularities of the motions of the Hocculi all arise in 
the mass itself? And would it not be as rational for 
us td hold that we could accelerate the Earth's rotation 
by sliding a large rock down the inclined east side 
of a mountain, or that we could increase the speed 
of a vessel by blowing upon its sails from a bellows 
placed in the stern, as to bold that any spontaneouB, 
internal motions of the components of a mass will 
produce motion of that mass as a whole ? Indeed, it 
is a well-known law of motion — the third law of New- 
ton — that action and reaction are always exactly equal 
and opposite. Applying this law to special cases it 
means that a gun, e. ff., when fired, b.is precisely the 
same quantity of motion, or momentum, backwai'd in 
the recoil as the bullet has forward, or that the rock 
which has rolled down the inclined side of a mountain 
conveys precisely the same amount of motion to the 
earth at the foot of the mountain, in one direction, as 
it has conveyed to the mountain itself in iho opposite 
direction during its descent ; or, which is a precisely 
analogous case, that thefloccnlusin its irregular descent 
towards the mass-center will transmit just as much and 
no more motion to the central mass in one direction as 
it hna transmitted in its descent in the opposite direction 
to the rarer medium through whicli it fell. The 
supposed resistance otfercd by the rarer medium to a 
flocculus on the side next to the center can be nothing 
more than the mere displacement of iha atoms or 
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particles of that medium in one direction simulta- 
neously with tbe deOection of the floccuhis in the 
opjKisite direction. The Qocculus may, for this iiliis- 
tration, be taken to be a solid body, like a marble or 
hall, which is falling through a vast number of 
-smaller marbles or balls freely suspondetl in space. 
The large ball, as it starts upon its downward journey, 
will, it is supposetl, strike against one of the small balls 
of the rarer medium, and so suffer deflection from its 
central course. But the small ball is also deflected ; 
and, by the third law of motion, the momentum of 
each ball away from the radius would be precisely 
equal and opposite; and since every subsequent collis- 
ion of the large ball with the small balls must be pre- 
cisely similar in this respect to the first collision, as 
well as that all other flocculi must also be similar in 
the same respect to this particular flocculus — it clearly 
follows that however much denser may be the central 
medium, and however irregular may be the downward 
motion of the flocculus, there can never arise the slight- 
est surplus of motion one way or the other that would 
tend to rotate the gaseous spheroid as a whole. 

It may be, as Mr. Spencer states, that the proba- 
bilities are infinity to one against all the motions im- 
prtissed upon the rarer medium by the fiilling flocculi 
balancing each other. It is equally improbable also 
that all the motions impressed upon the central mass 
thereby will balance each other. According to Mr. 
Spencer's theory, therefore, there would be, in all 
probability, a rotation of thu rarer me<lium anil a rota- 
tion of the central mass. But what is fatal to this 
theory is that the third law of motion teaches that the 
one rotation must be precisely equal in momentum and 
opposite in directioQ to tbe other. If by mutual fric- 
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tion the two rotations should counteract one another, 
there would be no preponderance whatever to rota- 
tion of the whole mass in any direction ; and it would 
remain in a state of complete rest as res|>ects axial 
rotation. And, on the other hand, the theory of the 
co-existence of the twu rotations is empliaticalty denied 
by the uniform direction of the orbital motions of the 
planets and the axial rotation of the Sun. Mr. 
Spencer's theory seems, therefore, utterly untenable. 
It wholly fails to assign a possible cjtuse for the rotB- 
tion of the original solar spheroid. And without such 
rotation, the separation of vapor-rings is, of course, 
absolutely preclude<l by the law of gravitation, 

67. lioiatwn by Nehiifar CoUisimuf, — Now, if it be 
impossible that rotation of a vast nebulous mass cau 
arise owing to internal agency, there is yet one, and 
only one, cause to which such rotation may be ascribed, 
namely, external agency. Certain scientists hold that 
rotation would very probably arise in this way. Let 
us examine, then, the premises involved, and see what 
rational conclusions may be drawn therefrom. 

(fl) Denaily of the Primordial Fo/wr.— The true 
ultimate postulate of cosmic evolution, as already inti- 
mated, is the one universal medium. Tbia medium, in 
some way or other, is supposed to have eventually seg- 
regated into the nebulous masses of matter postulated 
by Laplace. Now, according to current views, no 
cause for such segregation is conceivable save the 
attraction of gravity drawing the surrounding matter 
towards local centers or nuclei ; whence would result 
tiie nebular masses of which Laplace speaks. One of 
these nebular masses was originally our Solar System, 
and others became the fixed stars and nebulae of the 
Sidereal System. Now the inleryal between the Solar 
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Sj-atem and tlie nearest star or nebula is about twenty!;;, ; 
bUJiom of miles (tlie distance of Alpha Centauri), or 
,,.l|tlK>uL ^evetbil im>!s the radius of the known Solar Sys- 
Icia. Assuming tbat the primordial vapor of the Solar 
System and of the contiguous systems bavecontractetl 
at about tbe same rate, we have half the distance of 
our noarest sidereal neighbors, or about three and one- ,;■ 
half times the (listfince of Neptune, as tbe probable 
primitive limit of tbe homogeneous solar substance. 
To find the corresponding priniortlial density, we have, 
then, the total mass of all tbe princi|Kil bodies of the 
Solar System, about 324,878, and their total volume, 
ubuut ).2S5,833, the Earth being the unit of both mass 
and volume; consequently, the average density of the 
matter of our System to-day is U.2526. the Earth's 
density being unity. But since the Earth's density is 
said to be 5.GH times tbat of water; and since the 
density of water is T73.2S times tbat of air, then the 
present average density of tbe matter of tbe Solar 
System with reference to air is about 1107.* Since 
volumes vary as the cubes of their like dimensions, and 
the radius of the present total volume, us above, of the ■■■'•■• 
SuhiT- System, being about 430,000 miles, and of tbe 
primordial Solar spheroid about 9,700,000,000 ''miles, 
then tbe present and primitive volumes of the Solar 
System will be to each other as (43)' and (970,000)'. 
respectively. The originij density is, therefore. 

"(070 000?"' '"' ^^^^ ^^ ' "' *'''** "f *■'■ being nnity, or 
t<m thmisand Hmes le«s t/ta?i the denviti/ of tlie vioat 
perfect vaouum produced hy a Spr&nffcl air pump 
etAattatinff to one-niitf/iontfi. 

(6) GonditiioTis <^ Nehdar Cond-tttation. — This, 
according to present ideas, would bo the probable 

m ila Longituittn, 1881, 
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density of the original universal miKliuin. And by the 
attmction of gravitation (if in such a medium a center 
of attraction is rationally conceivable) this medium 
began to concentrate around local centers or nuclei. 
Slowly and gradually tljc interval between the borders 
of contiguous nebula} widened. Having such extreme 
rarity, the periphery of a nebula would concentrate 
at equal rates upon all . sides ; and this would 
continue until the interval between neighboring nebuJte 
was very great. How, then, is it possible that motion 
of a nebula, as a wlwle, can arise? Condensation of a 
nebula towartls its center can not surely cause a trans- 
lation of that nebula in space ; and neither can it canse 
the se|«iration and translation in space of any portion 
of the nebula. Yet Prof. A. Winchell, in his book 
entitled " Woild-Life," page 170, states that "the most 
plausible conception of the forming process of nebuls 
represents them as falling together and acquiring of 
necessity a rotary motion from an early stage of their 
existence"; and again he states that owing to these col- 
lisions "tlie chances of the causation of rotarj' motion 
are nearly as infinity to unity," And even Sir William 
Thomson maintains the probability of such collisions.* 
In anotlier place (pp. 6S-6), in a statement of an 
original theory of his own, Prof. A. Winchell says — 
"The universal world-stuff is scattered generally 
through boundless space. Perhaps, as Macvicar and 
Saigey have suggested, this primordial stuff in an ex- 
treme state of attenuation, is the ether, the medium 
whose vibrations, according to Dr. Toung, striking the 
retina, produce the sensation of tight, Out of this semi- 
spiritual substance germinates then tbe molecules of 
common matter. * * It may be, on the > 

•Ji'ulUH, XXXV. iw. 
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hand, only a highly attenuated condition of ordinary 
matter, or matter in a state of ultimate dissociation. 
This characteristic world-stuff, bom out of ether, in the 
depths of space, or however born, strewn through the 
depths of space, is acted upon by forces of attraction 
and probably of repulsion. The material panicles, 
either as atoms, or less probably, as molecules, are 
drawn by mutual attraction into groups and swarms." 
This is essentially the same view of nebular evolution 
as that just described in the preceding pages, and in 
logical accordance with which it is wholly incompre- 
hensible how "the collision of nebular masses" which 
I'rof. Winchell so confidently postulates can arise. It 
is somewhat strange that Prof. Winchell does not 
attempt to explain tbecauseof these collisions, although 
he distinctly states that the difficulty of nebdlar rota- 
tion which he seeks to explain by them "has often 
balked belief in the nebular theory of the origin of the 
solar system" (p. 94). It certainly is no explanation 
of nebular rotations to say that they are caused by still 
more inexplicable collisions. Such attempts at expla- 
nation may be consistent with the idea of "the ever- 
present activity of an intelligent personubility controll- 
ing and effectuating all the operations of nature" 
(p. (W); hut it seems hardly consistent with the idea of 
natural causation, 

68. notation hy the Attraction of DUtant -Musses. — 
Two other external causes of nebuhir rotation may be 
noticed, viz., the attraction of distant masses upon 
amorphous nebular forms and the attraction of distant 
masses upon precipitating nebular particles. 

(a) With respflct to the Srst, it may be said that 
mob amorphous forms are themselves incompatible 
with the theory or gravitation. IIow vapor of such 
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extreme tenuity, comlcnsing on all sides upon an attract- 
ing center, could assume an irregular form can not be 
explained. Moreover we have no certain proof that 
such forms exist. The apparent irregular forms of neb- 
ulae may be entirely owing to their immense distance 
from us, coupled with our own feebleness of vision. 

(i) With respect to the other alleged cause of neb- 
ular rotation it may be said that the external masses 
which would influence a falling particle are so very 
distaiitfrora,andsonearly uniformly distributed aroand, 
the Solar System, that the preponderance of attrac- 
tion, if any at all existed, must be so infinitesimal as 
to require almost an eternity to deviate the path of a 
particle a single hair's-breadth. Moreover, if ivo only 
enter into the details, we shall find that there really 
can not exist any preponderance of external attraction 
tending to rotation of a nebula. For, granting that an 
external attraction did exist, which measurably de- 
flected the path of a falling particle towards the center 
from which this perturbing force emanated, it is mani- 
fest that the falling particles in the opposite hemis- 
phere of the nebula would be acted upon with precisely 
the same energy and effect by this perturbing attraction. 
And the particles being equally deflected towards the 
same point, and moving in op|)osite directions, just 
what the deflection of the particles of one hemisphere 
tended to rotate the nebula in one direction, just so 
much precisely would the deflection of the particles of 
the opposite hemisphere tend to rotate it in the oppo- 
site direction, and both tendencies would exactly bal- 
ance. And similarly also with any or all other external 
attractions, so that not even an infinitesimal preponder- 
ance of perturbing attraction could exist availabldfj 
' nebular rotation. 
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69. Discordance of the Theory with the Factt. — But 
nevertheless, nebular rotation is a fact — a fact which it 
is not at all attempted here to deny; for it is simply 
endeavored to t)e shown that the current theory does 
not furnish any rational explanation of it. Moreover, 
nebular rotation is not an ultimate or final fact like 
the mere existence of matter, or of force, any nioro 
than the rotation of the B^rth is an ultimate fact. If 
the idea of rotation were applied to the material oni- 
vorse as a whole, the claim would then logically apply 
that this rotation was an ultimate, and therefore an 
inexplicable, fact. But it seems really absurd to claim 
that the rotation and translation of discrete masses of 
matter, such a£ the solar spheroid and the innumerable 
similar masses in the Sidereal System, are ultimate 
facts in the case of each body. Such a lavish applica- 
ion of the idea of Qnality is simply an indication of a 
poverty of knowledge of the proximate facts of nature 
in the theory which unavoidably resorts to it, and the 
same remarks equally apply to nebular collisions ; but, 
as already intimated, such collisions, in the early stages 
of nebular evolution, should be regarded as very im- 
probable to say the least. It seems far more proba- 
ble that the Solar System, stars, and nebals have each 
a proper orbital motion and their relative distances are 
alwayi invariable beyond certain limits, much like the 
planets of our own system — a modification of the views 
of Kant, Hersbel and Laplace. These two facts of nebu- 
lar translation and nebular rotation must surely have 
had a natural cause; that is, they must have been 
brought about by the action of natural forces precisely 
in tlie same manner as other natural phenomena, with 
vrbich we are familiar. And the action of these forces 
in prodacing sacb simple effects in such a multitude of 
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cases ought not to be beyond our comprehension in the 
oa£e of nebulae a whit more than in the case of more 
familiar phenomena, if only the investigation iaies place 
eqiuiUy in eaeh case upon a basis o//acls. But it ap- 
pears from the cursory examination of the last few 
pages that nebular rotation and nebular transUtion arc 
in all cases wliolly inexplicable by the current theory 
of nebular evolution. And therefore it seems but log- 
ical to conclude that that theory does not furnish the 
basis of facts which alone will enable ns troly to inves- 
tigate these phenomena. 



CHAPTER n. 



THE ACCELERATION OF ABSOLUTE ROTATIONAL 
VELOCITY BY CONTRACTION. 



70. Modijication of the Eadial and Tangential 
Forces by Contraction. — But let us assume the exist- 
ence of nebular rotation. In defense of such assump- 
tions it is sometimes claimed, as already intimated, 
that we always arrive sooner or later at questions of 
oiigin, which must for the time being remain unan- 
swered. But the validity of this defense, except in the 
case of a proved ultimate fact, ought not to be allowed, 
as has just been shown. And neither should it be al- 
lowed with Prof. A. Winchell, c. j(., that "many differ- 
ent modes of action for the production of a particular 
result are possible ; " but choose rather to hold tliat 
there can be but one correct explanation and one possi- 
ble cause of any particular natural ptienomenon, and that 
all other explanations of it arc precluded by the true 



TBB ACCELBIUTION OP ABSOLUTE TELOdTV. 147 

one It is not meant that a combination of effects, 
socb as detetmine tbe Earth's orbit, may not have a 
combination of causes, some of which, from their small- 
ne«s, may remain for a time nndetermined. But the 
simple fact of the Earth's orbital motion {or the equally 
simple fact of nebular rotation) can obviously have but 
lite one true general explanation. 

But merely for the sake of examining the nebular 
hypothesis a few steps further, let us admit, with Helm- 
holtK, that nebular rotation " must be assumed." Let 
us take the case of the original solar spheroid, und sup- 
posing either with Laplace, that it consists of a brilliant 
und dense nucleus, surrounded by a rare nebulosity or 
atmosphere, or with M. Faye, that it consists of a 
globular nebula gradutitly increasing in density from 
circumference to center; and granting its axial rotation, 
let U9 see if, according to current scientific views, the Ns, 
alleged vapor-rings could possibly be generated. 

Evidently the centrifugal tendency at the equator" 
of the spheriod, owing to its axial rotation, must have 
been less than the power of the central attraction prior 
to the genesis of the Bret ring. If this be granted, as, in 
fact, it must be and is by every supporter of the nebu- 
lar hypothesis, then it can be shown that the more 
the spheroid contracts its volume, the less relatively 
to the central attraction will become the centrifugal 
Lundency, thus making the projection of a vapor-ring 
an impossibility. Suppose, for illustration, that the 
initial velocity of the spheroid's equatorial surface was 
one mile per second ; and suppose that subsequently 
the spheroid contracted to about one-third of its origi- 
nal dtame(>er, or to the orbit of Neptune, then, by the 
latr of gravitation, the central attraction at the smaller 
radios wouht be ninB times as powerful as at the original 
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radius; and, not only this, but at the smaller radios tho 
surface is onl}' one ninth what it was at the larger radius; 
so that nine times the attraction upon the oHgiual 
surface is. after contraction, concentrated upon one- 
ninth of that original surface, and therefore the central 
attraction upon a unit of the contracted suriitcc is 
eighty-one times us great as upon an equal unit of the 
original surface,* The centrifugal tendency would 
also become more powerful, but in a mncli smaller 
ratio; for the absolute velocity of the equatorial surface, 
as wo shall shortly see, would still be no greater ttian 
one mile per second. And as the centrifugal force 
varies as the square of the velocity divided by the 
radius, it follows that, while the central attraction 
becomes eighty-one times aa powerful owing to this 
shrinkage of the spheroid, the centrifugal or ring mak- 
ing tendency becomes only three times as jwwerful. 
In other words, the central attraction increases as the 
fourth power of the radius diminishes, while the centrif- 
ugal tendency increases simply as the first power of 
the radius diminishes. And even if all that the current 
theory claims in this respect be granted, the centrifu- 
gal tendency would increase only as the square of the 
radius diminishes. Thus it is clearly seen tiiat, what- 
ever the radius of the spheroid would he, the central 
attraction is always in excess of the centrifugal tend- 
ency. And the greater the concentration of the spher- 
oid, the less powerful relatively to the central attraction 
becomes the centrifugal, or ring-producing, force. 

This api)ears to dis|)i)se of the theory of gravitation 
completely as accounting for the prcjjection of rings 
from the original spheroid. According to that theory 
the central attraction increases as tho Riiuare of the 
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radios of the sjtlieroid diminishes; and the centrifugal 
tendency increases exactly at ihe same rate as the cen- 
tral atlniction. Then ivhero is the force that causes 
the projection of the ring, since botli the principal 
forces increase at the same rate? If there were no 
other consideration than this alone, the projection of 
rings would be quite inexplicable by the ilieory. BHt, 
as just seen, the central attraction increases, not as the 
square of the radius diminishes, but as thu fonrth power 
of the radius diminishes; and it appears also that the 
centrifugal force would increase only as the first [lower 
of the radius diminishes. We may now examine this 
last proposition more in detail, not indeed in connection 
with the projection of rings, for that is unnecessary, 
but in connection with the law of otjual areas. 

If the initial equatoritil velocity of the solar spheroid 
were /<?#« than three and one-halT miles per second, and 
if, after shrinkage to Neptune's orbit, the equatorial 
velocity of the spheroid was three and one-half miles per 
second, then something must certainly have caused this 
acceleration of velocity. But what is there that would 
cause this acceleration 1 There are supposed to be but 
three forces which could act upon a rotating panicle — 
a tangential force, a radial force of attraction, and a 
radial force of repulsion (heat). But since the last two 
act at right angles to the first, they can never transmit 
any portion of their influence either to increase or to 
diminish it. The radial factor of tlie circular motion 
would, of course, be increased by contraction of the 
spheroid, and tljii« would obviously increase the abso- 
lute Tolooity of a rotating particle while the cimfraction 
latM. But when the contraction was arrested by the 
radial repulsion, or by any cause whatever, there 
renminii just the same tangential comfKinent as existed 
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before contraction began. It is true, of course, that 
after contractioQ the fall per unit of time from tlie 
tangent towards the center of rotation is greater ihan 
before contraction. But this is the very circuinstance 
which makes the centrifugal tendency increase as the 
radius diminishes, the increase of fall being wholly 
transformed into increase of centrifugal tendency. 
What is important here is that the tangential com- 
ponent remains wholly unchange<i, simply fivm the 
oJisence of any conceivable cauiie that wmtlii change U. 

Looking at the question by the principle of the con- 
servation of energy, we arrive at precisely the same 
conclusion. A certain force (the radial, *. e., the excess 
of the one over the other antagonistic radial force) is 
increased upon the particle; this increase of forcH upon 
it must produce an effect upon the particle, which effect 
is that it is carried farther inwards towanls the center 
of the spheroid; and this effect continues just so long as 
its cause, the increase of the nulial force, continuus. 
The increase of the radial force expends Hself in pro- 
ducing this effect precisely in the same way that the 
nnincreased radial force expended itself in restraining 
the particle to a circular path; and it is just iis illogical 
to look for additional effects, such as a modilicalion of 
the tangential velocity in the one case aiiy more than 
in the other. 

71. 77(« Generation of a Repulsive Force-, or Ileat 
hy Contraction. — In the preceding article it has beon 
assumeil that a third force acted upon an equatorial 
particle of the spheroid— a force of repulsion urging 
the particle from the center. The difficulty of con- 
ceiving how this force of repulsion for the particle can 
emanate from sister particles from which in thr samn 
moment emnnate a force of altruotiou for the |Nirtitfla, 
has ))mQ alreadj^ refe^retL 



THE ACCBLERATrO» OF ABSOLUTE VELOCITT. 151 

But let US look at this assumption of a repulsive force, 
OP beat generated by contraction, more closely. Prof. 
SintoQ Newcomb, speaking of the Sun's heat says: ''As 
bis globe cools off it must contract, and the heat generat- 
ed by this contraction will sufGce to make up almost the 
entire loss."* Speaking of a gaseoub body, be again says : 
" The more heat such a body loses the hotter it will be- 
come. By losing heat a gaseous body contracts, and the 
beat generated by the contraction exceeds that which it 
had to lose in order to produce the contraction " In 
other words, cooling causes contraction and contraction 
causes heat ; or, briefly, cooling causes heat. In fact a 
little cooling causes a great deal of h^at. In a gaseous 
body, according to Prof. Kewcomb, the loss of heat to 
cause contraction is less than the gain of heat which 
that Contraction generates; from which it would seem 
that the more a body cooled, the hotter it would get ; 
and from which, if any conclusion whatever is allowable 
from such apparently absurd premises, it would follow 
that such a body could never cool, and therefore never 
contract, at all. Yet in view of all the insurmountable 
difficulties here pointed out, Sir W, Thomson, President 
of the Royal Society of Edinburgh, Scotland, com- 
municates a paper, March 7, 1887. to that Society, stat- 
ing that in the light of thermo-dynamical principles. 
I^place's theory is seen to be, not a mere plausible 
theory, but a staieinunt of adulfact. He has not indeed 
committed himself to the above view of Prof. New- 
oomb, for in a lecture upon the Sun's heat i* he assumes 
that hia hearers are no longer misleil by such a delusion. 
Still he maintains that the beat generated by the Sun's 
cantnustion owing Lo cooling differs ao little from as to 

*Fap. JMTiHw. BU) ed., pp. fiiS.'AI. 
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be practically equivalent to, the heat that is nuliated 
from the Sun in the same time,* But this view apiiears 
to be only a little more logical, or rather a little less 
illogical, than the other. For if the gain and thelossof 
heat at the Sun's surface is practically equivalent, how 
comes it that the Sun cools at all so as to admit of con- 
traction 1 

Kow if it be held that the gain of heat generated 
by contraction does not exceed the loss of heat neces- 
sary to cause that contraction (which is the view of 
Thomson. Siemens, Lockyer, Ilelmholtz, Williams, etc.), 
then it obviously follows that the force of rcptiUion (or 
the heat)a/'t€i' contraction is no greater than it was be- 
fore contraction; which for the present pur|)ose wholly 
eliminates this agent as a factor in the gen»ratioD of 
planet-rings upon the bosom of the solar spheroid. 
And therefore the tendency to the projection of such 
rings from the contracted surface of that spheroid ss 
compared with the tendency to non-projection of suob 
rings, or adherence of all matter to the spheroid itself, 
remains as determined by the centrifugal force of 
rotation and the central force of attraction ; that is, 
as the first poiver of the contracted radius is to its fourth 
|>ower, in favor of the latter, supposing that the tend- 
ency to projection and to non-projection were eqnal, 
OF balanced, at the original surface. 

72. Cimjlictmig Theories of liinij-Projixtion. — In 
further illustration of the chaotic confusion to which 
the nebular hypothesis, as subject to the law of gravi- 
tation, loads, it may be remarked that Sir David Brew- 
ster approved a calculation by M. Babinet th.at when 
tbesolar spheroid had contracted to the present orbit 

<i TiuU' A'Utiral 
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of the Earth, its period of rotation, according to the 
nebular hypothesis (assciming the accepted solur den- 
sity and t.-qual anguhir velocity of all parts) must 
have been 3,181 years! although the Earth itself, which 
hy the same hypothsis was but a portion of the solar 
surface at that time, performs its revolution in one year ! 
Mr. Herbert Spencer disapproves of such calculations, 
and speaks of " the extreme difficulty, if not imiwssibil- 
ity,of subjecting the nebular hypothesis to mathemat- 
ical treatment,"* 

M. Faye, disbelieving the possibility of ring-pro- 
jeetion according to the conceptions of I^place, says.t 

" By the intervention of heat and the play of centrif- 
ugal force, Laplace caused to be produced a totally 
different distributionof the mass and of its movements. 
This copres|K>nd8, to a certain extent, with what we 
see. But this intervention ofheai is iiaelf pure hypoth- 
em. To justify it we must suppose, with Poisson, that 
there are in the universe regions with very different 
temperatures, and that the primitive globe, by virtue 
of its motion of translation, had passed into one of the 
holiest," But he assigns no cause whatever for such 
ritig-projection according to the somewhat different 
conceptions from that of Laplace which he himself 
entertains of the solar spheroid. He gets over the 
diRicuIty thus: "If, then, trains of matter somewhat 
circalar, in a won!, rings like those of Saturn, 
become finally established in the bosom of the nebula" 
— without attempting to show the slightest physical 
cause of their becoming so established. 

Another view of Philipp Spiller is that the planets 
are (mjjected out from a liquid Sun by the centrifugal 
ftinx of rolaUon and a iid^l ttoell caused by another 

< nn* PTint'jArt. f. va. I CompUt IImhIiu. MatcIi St, USD. 
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body ; that Saturn was projected by tiie Udnl swell 
caasod by Uranus; that Uranus was pmjected by the 
tidal swell caused by Neptune. * But the projection 
of Neptune Itself is not accounted for ; and it is more- 
over disputed by modem astronomers that eeen now the 
Sun has attained a liquid condition. And Mr. R. A. 
Proctor expresses his belief upon the subject as fol- 
lows ; " No one who appUes the laws of physics, as at 
present Jcnovni, to the theory of the simple contrac- 
tion of a great nebulous mass formerly extending 
far beyond the orbit of Neptune, till, when planet 
after placet had been thrown off, the sun was left 
in his present form and condition in the center, will 
fail to perceive enormous difficulties in the hyiwlhesiB. 
* * * Has it ever occurred, I often wonder, to those 
who glibly quote the nebular theory as originally pro- 
pounded, to inquire liow far some of the processes sug- 
gested by Laplace are in accordance with the now 
known laws of physics!" t And what is Mr. Proctor's 
improvement upon the Laplacean conception ? Simply 
the addition of accretion to contraction, and an assump- 
tion of a central nucleus and subordinate nuclei with 
■independent Tnotiona ! —uti assumption which, although 
apparently countenanced by men of such eminence as 
Kant, Sir W. Herschel, and Ilerbert Spencer, is eo 
manifestly improbable that it need not here l»e dis- 
cussed. 

The theory of Laplace is the one now generally 
accepted. M. Wolf, in his recent work on " Cosmogonio 
Hypotheses," shows that as comph^ted by the labors of 
M. Roche and other samnts, that theory still answers 
best to the conditions required of aCosmogonio Hy- 

•Prof. O. n. Uftrwinhnlils a nearly •Imllar vlim ooinfmliiB IhetwUr^ 
iDfril lit ilii> lunar mofs frnm tbu spmi-nuld Gurtb, 
tUvmbutat HbTaniii/Stintet.Vol.Tll.p.ail. 
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pothcsis. Even tbe present writer ha* no objection to 
it in the main ; these criticisms, as alrea^ly intinuited, 
boing directeii almost entirely to the application thereto 
of the theory of gravitation. 

73. The Lmo of Sqiuil Arca^s. — Referring once 
more to the alloged increase of absolute Utngential 
velocity by contraction, which ap|>ears to be the main 
cause of ring projection according to modern physicists, 
what cause, it may be asked, do these physicists assign 
for the increase of absolute tiingential velocity i Our 
search for tbe assignment of this cfiuse will bo rewarded 
in nearly all cases by such expressions as these: "If 
the principle of the conservation of areas is not ful- 
lacioos," etc.; "Since the angular velocity varies 
inversely as the square of the radius," etc.; "By a 
mathematical principle of physics known as the law of 
equal areas in equal times," etc. These are the explana- 
tions of the phenomenon chiefly to bo met with ; the law 
of equal areas in equal times being evidently regarded 
as a demonstrated fact. But the so-called great second 
law of Kepler, involving the variation of the absolute 
tangential velocity of every revolving body with the 
variation of its radius of revolution, obviously could not 
be adopted without some attempt at explanation. In- 
deed, such an attempt has been made and fortunately by 
the best of authorities. Sir Isaac Kewton; to whom 
nearly all other authorities refer the inquirer. 

Sir John Ilerschel, having occasion to speak upon 
tbe subject,* says: "As an abstract dynamical propo- 
sition, the reuxler will find it demonstrated by New- 
Ion, in the first proposition of the Principia, with an 
elementary simplicity to which we really oould a<fd 
nothing but obscurity by amplification, that any body, 

•OuIMnM lit Amronomv.v.Xi. 
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urged toward a certain central point by a force contiiiu- 
allv directed thereto, and tUureby deflected into a carvi- 
linear path, will describe about that center eqiial areas in 
equal times." " It isa property of orbital rotation under 
the influence of central forces generally,'" he observes, 
"and, as such, we daily sec it exemplified in a thou- 
sand familiar instances. A simple experimental illus- 
tration of it is to tie a bullet to a thin string and, 
having whirled it round with a moderate velocity in 
a vertical plane, to * * allow it to coil itself round 
a cylindrical rod held very firmly in a horizontal po- 
sition. The bullet will then approach the center of 
motion in a spiral line; itnd the increase of its angu- 
lar velocity, and the rapi<l diminution of its periodic 
time when near the center, will express, more clearly 
than any words, the compensation by which its 
uniform description of areas is maintained under a 
constantly diminishing distance," 

By some unaccountiiblo oversight, the eminent 
Herschel here errs. The increase of the bullet's an- 
galar velocity, and the rapid diminution of its peri- 
odic time, does not necessarily express the compen- 
sation by which its uniform description of areas la 
maintained under a constantly diminishing distance. 
The expression of such compensation involves more 
than an increase of angular velocity and a dim- 
inution of periodic time. It involves, in fact 
an increase of the bullet's al>solute velocity; 
and not only an increase of its absolute veloc- 
ity, but of the tangential component of its abaolnt 
velocity. For a uniform tangential velocity of the 
bullet involves, under diminishing distance, both an 
increase of angular velocity and a diminution of peri- 
odic time, aa well as an increoBe of absolute voloci^; 



m 
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6<ii it dMs nui involve a unifwin deaoripti^t of areas 
in e^wU limes. This is very simply demonstrated. 
The string or distance, at the beginning of any unit uf 
time is the base of the triangular area described in lliat 
unit of time, and the tangential velocity in that unit 
of time determines the perpendicular height of tliat 
triangular area. Now, as the distance, or the base of tlie 
triangle, is less in any unit of time than in the preced- 
ing unit, it is very plain that the areas described in 
successive units can not be uniform with a uniform 
perpendicular beight, or tangential velocity. The 
familiar illustration which Ilerschel gives of the law 
of equal areas in equal times turns out, therefore, to be 
no illustration of that law at all. An essential clement 
is lacking— the increase of tangential velocity; and 
that element the illustration does not involve, nor is it 
even mentioned by the illustrious author. We tm-n 
then to Newton's Principia, where Elcrschel assures us 
that we shall find a simple demonstration of the law 
in the first proposition of that much-neglected volume, 
and this is what we find : — 

'* PitoFosmoN I. 

Tfio areas which revolving hodUs deaerihe hy radU 
drawn to on imTtiavable center of force da lie in the 
Mtne imj/uwable jflanea, and are proportional to the 
lim£i in which they are described. 

" For, suppose; the time to be divided into equal 
parts, and in the first part of tliat time let the body by 
its inn&lo force descrilie the right line AB. In the 
second part of that time the same would (by Law I.),* 
if not hindered, proceed directly to o, along the line 
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Be, equal to AB; so that by the i-adii AS, BS, cS, 
drawn to the center, the equal areas ASB, BSc, would 
be described. But when the boily is arrived at B, 
aujipuse that the centripetal force acts at once with a 
great impube, ami, turning aside the body from the 
ri^ht line Be, compels it afterwards to continue its 
motion along the right line BC. Draw cC parallel to 




BS, meeting BC in C ; and at the end of the t 
part of the time, the body (by Cor. I. of the Laws*) 
will be found in C, in the same plane with the triangle 
ASB. Join SC, and, because SB and Co are parallul, iho" 
triangle SBC will be equal to the triangle SBc, and there- 
fore, also to the triangle S A B. By the Jiko argument, it | 
the centripetal force acts successively in C, D, E, eto.,s 

• Con. I. of Hit Lavm, A body by Ii 
the dliKonal of h pumllf-ln^nua. Ii 
the (Ides, by llictc (orm* apart. 
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makes the budir, in each single particle of time, to ile- 
scriljo the right lines CD, DE, EF, etc., tbey will all lie 
in the same plane; and llie triangle SCD will be equal 
to the triangle SBC, and SDE to SCD, and SEF to 
8DE. And therefore, in equal times, equal areas are 
described in one immovable plane ; and, by composition, 
any sums SADS, SAP'S, of these areas, are one to the 
other as the times in which they are described. Now 
let the number of these triangles bo augmented, and 
their breadth diminished ad infinitum ; and {by Cor, 4, 
I*em. Ill) * their ultimate perimeter ADF will be a 
curve line ; and therefore thecentripetal force by which 
the body is perpetually drawn back from the tangent 
of this curve, will act continually ; and any described 
areas SADS, SAFS, which are always proportional to 
the times of description, will, in this case also be pro- 
portional to these times. Q. E. D. 

" Cor. I. The velocity of a body attracted toward 
an immovable center in spaces void of resistance, is re- 
ciprocally as the perpendicular let fall from that center 
un the line that touches the orbit. For the velocities 
in these places A, B, C, D, E, are as the bases AB, BC, 
CD, DE, EF, of equal triangles, and tliese bases are re- 
ciprocally as the perpendiculars let fall upon tbem." 

It will be seen tliat, from the law of equal areas, 
the oonjUary (Cor. I) necessarily follows that the tan- 
gential velocity of a revolving body increases as its 
distance from the center diminljihes. This is the essen- 
tial point of which we have all along been trying to 
find some explanation in harmony with the present 
theory, and the point of which Ilerschel fails to take 

•LnuiA 111. Tbcwau'uIUniaU<n(tliwuniHl»i>rHMi*ior»iuiiIit)-wbm 
Ulll InmilUi* AH, BCCO, ctc,,nf Uu- |iuivlU-IOBTniiia nn) iinii'iuiU a[id are 
•II ■Himnlabf'l iirKrUlnntun. CoH. 4. niid Ihnrnrocolhuw' iilllmntc fltcurca tm 
loikilrinrliiictcis) arenot rewcUlimu-.btilcurvlllnokrlUuiUiof tvcUllaeu 
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any cognizance in the "familiar Hlustmtion" al>oTe 
noticed. But does NewtoD really explain this pmntl 
His argument is indeed clear a.nd simple and admirable 
verbally; but when we examine it closely, it seems to 
involve most difficult and even inconceivable proposi- 
tions. The fii-st of these which we will Dotico — ap|>ar- 
ently an innocent one, and not employed by Newton 
alone, but by nearly all mathematicians, and in a num- 
ber of different ways — is that tAe perimeter i)f a poly- 
gon can he transformed into the perimeter of a circle, 
when the number of its sides is increased ad infinitum. 
Newton says — "Let the number of these triangles" 
(forming the polygon) " be augmented and their breadth 
diminished ad infinitum.; and . . . their ultimate perime- 
ter will be a curve line," This is true if by infinite sub- 
division a magnitude can be annihilated, for that is, in 
plain words, what it means. Otherwise it can not be 
true, A curve is a line no part of which, hoi^ever 
small, is a straight line. If the straight lines which 
form the bases of the triangles of a polygon become by 
inSnite division acurve, then the ultimate base of each 
division of such triangles must have become something 
less than a straight line^must have become a mere 
point, Avbich has no magnitude. Thus the original 
sides of the polygon have each become changed into an 
infinite number of points having no magnitude — have, 
in fact, become annihilated, for, reversing tlie process 
and multiplying the ultimate point, or no magnitude, 
by infinity, we still have no magnitude. Nothing taken 
an infinite number of times is Rtill nothing — which 
onglit to teach us that each part of a magnitude, even 
though infinitely divided, is still a magnitude, and tliat 
each ultimate part of a straight line, however Bubj ectB^ 
to division, issliU a straight line, and so can 
component of a mathematically accurate curve' 
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The eminent Prof. William Kingdon Clifford, in an 
udmiralile discoarse at the lioyai Institution, London, 
justly criticises some "absolute," " infinite," and "un- 
Itoundcd " |)Ijilo8opliical conceptions arising from the 
assumption of theoretical exactness in the laws of 
geometry, which seems to lit this case exactly. lie says 
that in Uiese coses there is always something which we 
do not know, and that such false conceptions are 
attempts " I'D found a positive statement u|X)n this 
ignorance, wliich can hardly bo regaitled as justifiable." 
He truly observes that a reasonable conception is one 
which is framed "in terms of ideas justified by pre- 
vious experience without itself contradicting that 
experience," and that " a wise man only remembers his 
ignorance in order to destroy it," instead of framing 
it into a so-called mathematical demonstration, " Math- 
ematics," warns Professor Huxley, " is like a mill, and 
trfaat you take out of it depends entirely on what you 
put in." 

The second apparently inconceivable proposition or 
assumption which Newton makes naturally follows 
from the first. It is of much greater consequence 
hero, however, as upon it rests the entire weight of 
the argnment. This assumption is that t/ie centr'/wjal 
forcty or the tatiganUal vehcity of a hody reoolvinij 
about a center, can cause that hody to move in avy 
vnit of time, in the path produced of tlie preceding 
unit of time. Newton does not make this assumption 
diroctly; in fact be bases such impulsion of the body 
npon his first law of motion. But the as.'iumption 
certainly seems not the less clearly involved in his 
argument. " For suppose the time to be divided into 
ec|iul parts," he says, " and in the first part of that 
time let the body, by its innate force, describe tho 
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right line AB. In the second part of that time 
the same would (by Law I.), if not hindered, proceed 
directly to o along the line Be, equal to AB, so that by 
the rudii AS, BS, cS, drawn to the center, the equal 
areas ASB, BSC, would be described." Here, then, 
lies the error. "In the second part of the time the 
body would proceed directly to c, alon^ the line Be." 
Similarly in the third part of the time, the body would 
proceed direetly to d, along tli-e line Cd; in the fourth 
part, directly to e, alon^ the line De; in the tiflh part, 
directly tof, along the line Ef; and so on. The assump- 
tion is clearly implied here that each of the lines ABc, 
BCd, CDc, DEf, are right lines. Indeed if they were 
not right lines, the geometrical theorem which New- 
ton employs, and on which the whole argiitnent depends 
(viz., that triangles on equal bases and between the eam« 
parallels are equal), oould not apply. Now it is certain 
that this argument is employed with respect to motion 
in a curve, for eventually these same right lines are by 
a processof infinite division alleged to be reduced to a 
curve line. But is it possible that the tangential force 
of the body can impel it in the direction of the sine, or 
chord, produced, of any portion of that curve? Tho 
ultimate curve line would certainlv pass through the 
points A, B, 0, D, E, F, etc. The'lines AB, BO, CD, 
DE. EF, etc., would therefore be chonls of the carve 
line; and the lines Be, Cd, De, Ef, in which Newton 
assumes the centrifugal force would impel the boily, 
would be continuations of these chords. But Jl is evi- 
dently absurd to suppose that the tangential force coald 
im]>el the body in the continuation of u chord of Its 
curved path, for, if the force which holds the revolving 
body to the center shonld be destroyed, the bodj,r 
obedience to the tangential force, would mon ia 
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right line Uingeiit to itsprevimia curved path ; and it is 
obviously iitipossiblo for a tangent and a choi'd to the 
sniiie p»int of a curve to be the same, or to be parallel, 
or to be in the same direction. 

Newton's assumption that the tangential force 
would impel the body, not in a tangent to its curved 
jmth, but in a continuation of a chord of that path, is, 
llierefore, erroneous. The line Be must be supposed 
to unite angularly with the line AB at the point B, 
Tlie triangles ASB and BSc are not, therefore, between 
the same parallels, and, being on equal bases, they can 
not be equal. Consequently Newton's demonstration 
utterly fails to demonstrate, and in the absence of any 
assignable physical cause for the essential acceleration 
of absolute tangential velocity which the law of equal 
areas involves (see article 70), it certainly appears that 
that essential acceleration, and consequently that law, 
remains without any foundation in fact. 

74. Discordance of the Theory with the Facta. — From 
all points of view, then, the nebular hypothesis, as 
subject to the theory of gravitation, seems rationally 
unapproachable. If we ask how the nebular primordial 
rotation originated, we find that every assignable cause 
eludes rational conception. Whether it be the center- 
ward spiral movement of irregular ilocculi through a 
rarer atmosphere, the collisions of nebular masses, or 
the various attractions of distant nebular masses 
uilher upon the concentrating particles of a nebula, or 
npon amorphous nebular forms — each such assignable 
agency, when ultimately ansilyzed, proves to be entirely 
Ti^ionary. Yet it is undeniable that such rotation must 
actually have existed. And, for the moment, granting 
the existence of primordial rotation as anulliniatp fact, 
when we Inquire how this rotation became accelerated 
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SO as to project the planets outwards from llie solar 
spheroid, we are met by equally insumiouii tabic diffi- 
culties. For, if we assume the agency tu beconlraction 
of the spheroid, we find that such coQtraction increases 
the central attraction mnch more rapidly than it 
does the tangential, or ring-producing force; if we 
assume the generation of a repulsive force, or heat, hy 
such contraction, it leads us to the self-contradictory 
conclusion that the cooling of the solar spheroid 
engendered a more intense degree of heat than tliat 
which existed before the cooling began; and when we 
examine ttie alleged principle in accordance with which 
the tangential foi-ce is said to be sufficiently augmented 
by contraction of the spheroid to project the planet- rings, 
we 6nd thatprincipleto be wholly unfounded in rea- 
son. While we know that nebular rotation, translation 
and acceleration of the tan^ntial velocity of rotation, 
must have taken place and must have physical canseB, 
it seems that all our inquiries after such causes are 
utterly balHcd by some ever-present preconception which 
enters the fabric of our thoughts, or upon which oar 
inquiries are based ; and this ever-present premise is 
evidently none other than the theory of universal grav- 
itation. 

It is not contended that the theory of gravitation, 
which by implication underlies the nebular hyitothcsis,, 
is conclusively proved by the foregoing criticisms to be 
erroneous. It is contended only that as the genenUa 
sumptions of the nebular hypothesis arc undenuihta 
and yet remain rationally inexplioihle, we havo in Hih 
an excellent reason for susi>ccting the truth of thai 
underlying theory. Every theory tifwi/i/ nxplnia ail oi 
the facts it professes to account for. That the I 
facts are inexplicable by it, although strongly teadilH 
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to contlemn it, is still not sufficient ground, perhaps, for 
finally rejecting it. What may fully justify sucL rejec- 
tion is indisputable evidence that some of the main 
facts are positively inconsistent with, and contrary to, 
the theory. This evidence it is the purpose now to ad- 
duce from the most familiar and imijortant phenomena 
of the Solar System. 



CHAPTER III. 



THE PROBLEM OF THREE BODIES. 

75. Daia of the ProU^n. — Let it be assumed that 
the theory of gravitation fully accounts for all that it 
olaima in the domains of the nebular hypothesis — the 

■otation of the solar spheroid, the projcclicn of planet- 
rings, the orbital motiuns of the reaulling planets, the 
oniformity of directions and planes of orbital motions, 
and the genesis from the planets of satellites manifest- 
ing similar characteristics. And let us apply the force 
of gravitation, in accordance with the law of inverse 
equares, to a single instance in the system thus gener- 
atetl. The most familiar instance is that of the Earth, 
the Sun, and the Moon. Let us consider the celebrated 
problem of three bodies, once more using these for a 
epeoial case. For brevity we will designate the E^rth, 
the Sun, and the Hocn by their initial tetters E, S, and 
II, respectively ; and \Ye willsupposeEtoboat itsmeun 
distance, or about 93,000,000 miles, from S, and M to be 
at a point between full and new Moon 54" W distant 
from the latter and at its mean distance, or about 240,- 
000 miles from E ; with the a|iogee of the lunar orbit 

a, or nearly at, new Moon. The object of taking M at 
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tho given point of its orbit around E is that, at this 
point, the orbital forces upon M are supposed to be 
balanced, so that the latter has no tendency either to 
recede from, or approach towanis, itaprimary. Accord- 
ing to Sir John Herscliel the distance of the^ven point 
from new Moon is 64° 14',* but Prof. II. A, Proctor 
maintains that the balanceoient takes place at the 
point first given ;t and this point is selected here chiefly 
because it is the less favorable to the purpose here to 
be served. At the given point, M would be some 140., 
000 miles nearer to S than E is, and, taking the Moon's 
apogeeal distance from tho Earth at about 25y,000 
iniles,^ M willyet approach S about 119,000 miles before 
it roaches syzygy, or the point at which it is called 
new Moon. And as the synodic period of M is about 
29J days, the time required to traverse the arc of 64" 
44 will be about 44 days, and therefore the average 
approach per second of M towards S between the given 
point and the apogeeal point at syzygy will be 

76, Perturbation of the Moon's Motion Owingto the 
Suti*s Dietance- Yariation. — Now at thegiven i>oint we 
may readily find, according to the law of gravitation, 
that the force of the attraction of S upon M will be of such 
value as to cause the latter to fall towards S a distance 
of about 0.01 ft, in one second. But since at thegiven 
point the orbital forces upon M are supposed to be bal- 
anced, we may assume that this attraction of S upon M 
is wholly antagonized by the centrifugal force of the 
latter in its solar orbit. At the end of the first second 
after leaving the given point, however, M will bavo 
approached S a distance of », mile; and consi'quenlly, 
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by the law of gravilation, tlie JittiaclioE of 8 upon M 
will be greater tliaii 0.01 ft. in one second by a quantity 
X as inJicaled Id ibe following proportion: 

(92.860.000— A)* ; (S3.8«0,W)0)'-0.01; 0,01+a; 
from which the value of x is found (veiy approximately 
by multiplying ft by 0.01 and dividing twice the prod- 
uct by !t2,8GO,O(J0) to be about 6x10". At the end of 
the second second, the approach of M towards S would 
be twice as great, or A mile, and consequently x, or the 
iaurease of the attraction of S, would be twice as great, or 
12x10'". At the end of the third second, the approach is 
A mile, and the increase of attraction ujjon M is 18x10". 
And 80 on. The increase of attraction in the first sec- 
ond, it not counteracted, would obviously urge M at 
the same rate in all subsequent seconds ; and similarly 
with the increment of attraction in the second, 
third, etc., second ; so that the rate of fall of M 
towards S in any second owing to these momentary 
increments of solar attraction upon M would be 
equal to the sum of all the falls in that and the preced- 
ing seconds up to the starting point. 
Tliiu, inthe Isi second, the fall is 6X10" ft. 

Intlus ai '■ " ■■ (12-1- 6)xl0'" ft. — 18x10-" ft. 

3d ' (IB i-18)XlO-i' ft. — ;«txl0-" ft. 

4Ui (34+3e)xI0-" ft. — »X10-" ft. 

5U» <3O+60)xlO-" ft. — WxlO-i' It. 

388800th 4H ft. 

Now since the orbital forces are balanced upon M 
at the given starting jmint, so that it has no tendency 
etUieT to recede from, or approach towards, E, the 
foregoing series of monienUiry increments of solar 
attraction obviously constitute a perturbing force pnll- 
ioe H away from E and towards S ; and we see that, 
if left bo itself, the effect of this perturbing force for the 
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4J tiays, or 38S.SOI) seconds, during which M moTes 
from the given point to the apogecal point at new 
Moon, is such as to generate a velcicity of M directly 
towards Sof not less than 4J ft. per second at the latter 
point ; which is more tlian a thousand times greater at 
that point than the effect of E's restraining attraction 
in the same time. Therefore, unless some other equal 
and opjiosite perturbing force, or forces, are generated 
at the same time, it is very obvious that, in accordance 
with the theory of gravitation, M would be carried 
rapidly inwards to S, instead of actually moving away 
from S to the opposite side of E. Let us inquire, then, 
wljat other perturbing forces upon M can possibly arise 
between the two point.s in accordance with the present 
theory. 

Starting from a point where the orbital forces are 
in equilibrium, as in the insUince given, there are only 
two classes of perturbing forces that can possibly ansa 
as the revolving botly leaves that point, namely, thoso 
arising from variations of distances from attracting 
centers and those arising from variations of orbital 
velocity around these centers. Now there are only 
two attracting centers concerned in this problem, or E 
and S; and these two give rise therefore to four per- 
turbing forces upon M, and no more. These perturbing 
forces are (1) that due to distance- variation of M from 
S, (2) that due to distance- variation of M from E, (8) 
that due to velocity -variation of M around S, and (4) 
that due to velocity-variation of M around E. Tbo 
first of these has just been determined; we may now 
proceed to discuss the others, 

77. Perturbation of the Moon^s Motion Owing ta 
Vie &rth's Dlstitnoi! - Variation. — Tt has already been 
stated that at the first ^ven point of >P&orlrft,(A^ 
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body is at its inenn diRtance. or 240,000 miles, from E, 
at which the value of E's attraction is about O.ODW 
feet per second; and tliat at the second given iioint, or 
the ajjogee of M's orbit at new Moon, tlie distance of 
M from E is 259,000 niilfs. BetwDen the two points 
therefore M lias receded from E a distance of 19,1)00 
miles, or nearly ,>„ mile per second ; and it follows 
that, in every second after leaving the f:;iven point, E's 
attraction upon M would become less and less owing 
to this increase of the distance at which it acta. To 
find this diminution of E's attraction in the first 
second, we have the following proportion, nearly simi- 
lar to that of the preceding article: 

{810.000— .(MB)': (240,000)' — 0,0044 : 0.0044+r; 

where x ia found to be 1 7 X 10 "> ft. In ilie second second 
the recession, being twice as great, x would be twice as 
great, or 3ixlO'° ft. In the third second the reces- 
sion would be three times as great, and would there- 
fore be 51x10'* ft. And so on. These diminutions 
of E's attraction upon M would obviously cause 
eorrespontiing excesses of M's centrifugal force around 
E. which consequently would urge M away from 
E and towanls S, In the first s(?cond, the excess 
wjald urge M away from E a distance of 17x10'" ft., 
at winch rate it would of course keep moving in ciioh 
su1i.4equent second, if not prevented by some other 
cause. lo the second second M would be urged a dis- 
tance of 34 X 10" ft., which, like the first, and every 
succeeding impnlse, would also continue through sub- 
Bequcnt seconds. So that llie total fall in any second, 
owing to this series of impulsions, would be the sum 
of the full in that sMond and tliose in all the preceding 
9WOQ(U. The falls in successive seconds would thus 
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have a common difference of the second order of ITxlO-" 
ft. ; according to which the fall in the last second owing 
to this series is about i ys^''xnxiO-" ^ ^^ j^g j^ 

78. PerturbatifM of the Moon's Motion Owing to Va- 
riation of iia VelfKiti/ Around t/ie Sun. — The two series 
of perturbing forces owing to distance- variation being 
thus found to iict in unison, we turn to the perturbing 
forces which may be due to variations of velocity. We 
may first consider those due lo such variation around S. 
As M leaves the first given |)oint, it moves inxvards to 
S, and also its motion around E is opposite to its motion 
around S, and the latter is therefore diminished by a 
very considerable portion of the former. The mean 
velocity of M around S 13 about 19 miles per second. 
If the velocity is variable and the distance constant, the 
centrifugal force varies directly, as the square of the 
velocity. If both the distance and velocity are variable, 
the centrifugal force varies directly as the stjuure of the 
velocity and inversely as the distance. AsMappnmclies 
8, therefore, it is necessary that its velocity around that 
body should be diminished in order to preserve its 
centrifugiil force con.stant. We have now to determine 
whether the diminution of velocity due to the opposi- 
tion of the two orbital motions of M is sufficient, or 
more than sufficient, for this purpose. At the given 
starting |X)int, M is some 190,000 miles in advance of E 
in Its solar orbit, and 4i days, or 388,800 seconds, after- 
wards, M is exactly between E and S. This would 
involve a diminution of M's velocity around S of nearly 
i railo persecond. But M"s velocity has been diminish- 
ing ever since last quarter. This lost jwln t is in advance 
of the given point with respect to M's solar orbit, about 
50,000 miles; and it required about 250,000 seconds for 
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to move from hist quarter to that point; which 
involves a diminution of velocity of about j mile per 
oecoiid before tiic given imint was reached. This 
reduction of velocity pi-eceding the arrival at the given 
point, W!is presumably one of the circumstances re- 
quired for the equilibrium of the orbital forces at that 
point ; and it is necessary therefore to deduct it from the 
rate of reduction after the given point was passed in 
order to compare M's velocity at this point with its 
subsequent velocity. Deducting i mile from 0,49 mile 
leaves 0.29 mile, which is the comparative mto of 
diminution after leaving the given point. Now since 
M's actual velocity at that point is some 19 miles per 
second, then to find the diminution of M's centrifugal 
force around 8 corresponding to this diminution of 
velocity, we have the following proportion : 

»3,M0,OOO ■ 9S.860,(KK)— 0.8 "'" " ""' *' 

whence x is found to be 0.0003 ft. And since the 
diminution of velocity in each second after leaving the 
given point is about the same, and that of the distance 
from S at all times comparatively inconsiderable, the 
diminution of the centrifugal force around S in each 
subsequent second will also be abouC the same. Now 
the diminution of M's centrifugal force around S 
obviously leaves an equivalent portion of the attraction 
of S in excess u|K>n M in each second, which, like the 
other perturbing forces, would of course ilraw M away 
from K and towards S. In each second the pull in this 
direction is 0.0003 ft., which, as in the other series is 
effective also ID all subsequent seconds. And therefore 
the rate of fall in the last second is 0.0003 ft.x38S.800, 
or ll<; ft. 

7&. Pfrturlotlrm of fhe Moon'n Motion Owinij to 
VariiUion of its Velocity Armtnd th« Earth. — T\ivn* 
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now remains to consider only the variation of M's 
velocity around E. Since all the jterturbing forces 
already lietormined tend to draw M towards S, that is 
somewhat indirectly in tlie direction of M's orbital 
motion around E in tlie period considered, it is obvious 
that the velocity of that motion would gradually in- 
crease for this rca-son after M leaves the givon point. 
This would evidenily increase M'a centrifugal force 
around E and the increiise of this force would consti- 
tute a i>erturbing foree which, between the given 
points, would also urge M towards S and therefore in 
unison with the other perturbing forces. 

(a) Baclcaction of the liartKs Attraction. — But there 
is one circumstance which, it is alleged, would dimin- 
ish M's velocity around E between the given points. At 
the starling point, the distance between the two botiiea 
was stated lo be about 240,000 miles, while at new 
Moon, where the apogee of M's orbit is assumed to 
be situated, the distance between the two bodies is 
259,000 miles. Between the two points, therefore. M 
recedes from E a distance of 19,(100 miles. Inconse- 
quence of this the orbital motion of the former is some- 
what oblique to the direction of E's attraction, instcott 
of at riglit angles to it, so that a portion of E's nttmo- 
tion is thus brought to act in opposition to M's motion, 
and the latter is consequently diminished. As this 
point is of considerable theoretical importance in this 
inquiry, it may be well to examine it in some detail 

We may study this back-action of E's attraction 
under the following subheads: The actual reoession 
of M from E in each second; the effect of this receesitin 
upon M's velocity in -ach second; and the effect of the 
change of velocity upon M's centrifugal force around 
£ in each second. 
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I. Lot X iltinoti! tlie recession of M from E at the 
eml of tlie first second after leaving the gipen point. 
We may nssuine for tlie salce of aimplicily that this 
direct recession in iiniloi'ni in eacli soconil between 
Uie given [Kiinls; and this direv/- recession in euch 
8tH:und W8 may dusignule as the jyrivuir!/ recession to 
dixti ti^ii isli it from the indirect recession now to be 
explained. Tlieii attlieendof the second second there 
would be the primary recession x and Lbe indirect 
recession 2x owing to the deflection of M's path in 
the first second. In the third second there would 
be the primary i-ecession x, the secondary reces- 
sion ELd owing 10 the primary recession in the second^ 
second, and the ~ 
secondary reces- 
sion 3j> owing to 
the primary re- 
cession in the lirst 
second. And so 
on, us indicated iu 
the diugrimi (in 
which liowcver the relalive values of the rccessiiMis 
are vastly exaggerated); the arrow indicating the direc- 
tion of M's motion around E. 

The total recession at the end of the 388.800th 
second, or at new Moon, is therefore the sum of 
the series x. 2.c, Sa, ■ix,.... 3SS,800«;, or 7.5.582, 720. noOj-. 
which must be equal to the actual recession, or 19,1X10 
miles; whence x equals about 0.0013 ft. The reces- 
sion ilurii'ff any particular second is of course thft 
Jiffcrence between the total recession in that i 
ond and that in the second immediulely precedio 
it. I>uring tlie first second, then, the recession is j 
(Inriiigthe second second 2.c, during the third secoJ 

, during the fourth second 4^. and so oa. 
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11. Evidently the inclination of M's imth in any 
moment to the direction of E's Eittraction is deter- 
mined by the recession which takes place during 
that second: for if there were no recession at all 
during any particular second, M would be precisely 
the same distance frora E at the end of the second 
as at its beginning; so that its path for that mo- 
ment would be at right angles to E's attraction. 
And the greater the recession during any moment 
the greater the inclination of M's path for that mo- 
ment to E'a attraction. Now the recession during 
the tirst second is 0.0013 ft., as just found; and the 
length of M's i>ath around E in the same time is 
several million times greater, or 3,373 ft. Let M's 
momentary patli around E be represenled by Ali, 
and the momentary recession or x, by UC; AC be- 
ing at right .angles to AE, or BCE, the direction of 

■B 



E's attraction. The question then becomes, how much 
shorter AB is than AC, the path which M would 
traverse but for the recession BC. Here we at once 
see the absurdity of supposing that the oblique 
path (;. e, the hypotenuse of the triangle ABC) 
can be shorter than the rectiinguliir piith (the base of 
the triangle): which absurdity plain common sense also 
|X)ints out when we only reflect that a jwwarful per- 
tnrhing force does actually pull M outward from E, 
thus asserting its superiority over every obstacle in Us 




THE PROBLEU OF TIIREP. BODll 



way, and thus, qf necesnUy, elon^iUinij M's momentary 
path instead of shortening it. However, if tlie short- 
ening of M'a oblitjue path owing to ihe recession be by 
any mL'una possible, or conceivable, it certainly could 
not exceed in amount the difference between the two 
larger sides of the triangle of which the value of E's 
attraction in one second is the other side. This in any case 
would be its maximum value. The only way in which 
we can imagine that this shortening would take place, 
is by assuming the reverse of the fact, or that the 
action of E's attraction alone would cause M todescribo 
the path AB instead of the path AC, and that the 
effect of the recession would be to cause M to describe 
the path AC instead of the path AB. On this violent 
assumption, M's momentary path or velocity would be 
diminished by E's attraction ; and the diminution would 
obviously be the difference between the two patlis or 
velocities. The value of E's attraction in one second 
being 0.0044 ft., this difference is readily calculable in 
the case of the first second as follows: 

a.373 feet — v'(3.a73 feet)" — (0.0044 IhmX-Y — |^^^^' . 
iipproiimately. — 287x10" feet. 

During the second second the recession would be 
2fc, or 0.0026 ft. But as tbis is smaller than the value 




of E's attraction in the same time, the differcnceof the 
two patha would bo the same aa in the first £eooDi>i\ 
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and similarly also io the thii'd second, in which the 
total recession is only 0.0039 ft. But in the fourth 
second the recession is 0.OO52 ft., and even if the entire 
attraction of E were available for the purpose it could 
not pull M back to the base line AC, but only to a point 
c, Be being equal Ud the value of E's attraction io one 
second, or 0.00-14 ft. 

Thp maximum value of the diminution of M's veloc- 
ity in the fourth second tlierefom can not exceed the 
difference between the lines AB and Ac Remember- 
ing that AB in that second would be equal to the 
diminished velocity in the preceding second and that 
the angle ACB is a right angle, the diCTereace between 
AB and AC may be first ascertained as follows: 

(3373n. — 3X287X10-" fi.) 

— Vl33T8 ft. — 3x387x10-" Sl-Y ~ VO.WIXi it.f 
(0.0052 tt.)' 
~ 2(3.378 rt.-8x287xi0-"ft). »PP"»'te«Wy. - 4xlOMt. 

Tliun.lmvingAO equal to 3.373 ft. — 8X287X10-" fl. —4X10-' A, 
or, 8373 ft. — 1261x10"" ft.. U> flnd Ac we have 

Vcasra ft. — 1201x10-" fi.f -r (O.ouoa ft.— "o.owm ft.? 

unil to llnd llie difference between Ae asil AB nc liavc (3379 ft. — 
8X387X10-" ft.)— -4/(8878 ft. — 1861X10-" ft)' +(0.0008 ft.j» 

These may all be combined into one operation 
follows: Let us call the difference between AB and 
Ac in the first second </,, in the second second rf,, and 
so on ; let tlie variable quantities BC and cC be dent>t«l 
by m and n respectively for any and every second: 
and let M's velocity at the given point, 3,373 ft., bo 
denoted by a. Then 
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4, _ d — y'a' — m' = ^' npproMmately. — 887x10'" ft. 



d,_a— d,— d,— \/[a-di—d,f—m'"= 



(rt— d, — d,), 
approximaU-ij. —387X10-" ft. 



dj— «_d,_d,_d,_v'(»-d,— d,— d,)*— m' 



8(o__(j,_d,— d,— d.), 



2(a— </,— d,— d,), 
apprMimatelj. — 881x10"" ft. 



Bpproiimately, — 501x10" ft. 



2(a— d,- 



O.OOOfiSft. 



These approximale values are really too small, how- 
aver, the 388800th term as above (tlie series having acom- 
mon difference of ITxlO-'Tt.) being maLei-ially smaller 
than that derived from the actual coiDputation of that 
term. ThuB in the 388800th second, m would have a 
valoeof 116fi.4ft. (i. e , ZiSSOOx ); n 1160.3956 ft.; and 
assnming the entire sntn of the true series to be about 

330ft., a— d,— d, ■ — d,*.„- would otjual about 3043 

ft. According to these values, then, 

«.'-«' _ l360J88.tH>-ia8(M7(i.6S5tt8 ^, qq,- 

«((»— d,— d, d 2x8043 

ft. This indicates a ditfi-rence for the series of about 
iixio-ioft., instead r,f 17x1" '"ft., the variation being 
due to the neglect of the minus quantities in the donomi- 
natorof the approximate fnrninla, which, though negli- 
gible for II few hundrt'ds of terms at the beginning of 
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the series, owing to tbeir extreme minuteness, gradually 
increase in value towards the end so much that they 
considerably diminish the value of the denominator and 
so increase the values of the fractions. 

For the purpose of this computation, the successive 
diminution of M's velocity between the given points 
will be regarded as forming a series, the common differ- 
ence of whose terms 1844x10'"' ft. The last term of 
the series is, therefore, 0.0017 ft., and the sum of all 
the terms of the series, or the total diminution of 
M's velocity at new Moon is "-""'^ ^ 3B86C0 ^^ gg^ ^^^ 

just what it was assumed to be in the preceding para- 
graph. 

III. We have now to find the effect which these 
supposed diminutions of M's velocity around £ would 
have upon the centrifugal force of M around that 
body. The value of E's attraction upon M at the 
given starting point is 0.0044 ft. per second, as already 
stated; and as the orbital powers are balanced at that 
point, M'b centrifugal force there will have the same 
value. Then, since the centrifugal force varies as the 
square of the velocity, that force at the end of the first 
second after leaving the given starting point would be 
less than at that point owing to the supposed diminu- 
tion{387x 10*'° ft.) of the velocity in that second. This 
decrease of the centrifugal force is denoted by x in the 
following proportion: 

(Ban tl.)' ; (3373 fl— 387x10-" ft.)' - 0.0044 ft. : 0.0044 ft.-*/ 

whcnce.e-2(a87X10-"X0.0044), , , ,, ,„ ,. ^ 

B3-3 Sixl approxlmuldf, = 73X10-" ft. 

Then to the loss of velocity in the first second adding 
73 X 10- '"ft., the diminution of M's velocity in the second 
secondjtbe total loBsof velocity in tliatsecond is 102X10'" 
feet; and substituting this in the second tcrmof thelasl 
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proportion gives for tlie value of a,265 x 10' ' *f t. In a sim- 
ilar manner the total loss of velocity in the third second 
is found to be 21 9 X to- '1 ft., and the corresponding value 
i>fr,570xlO "ft.; in the fourth second the total loss of 
velocity is 380 x 10" ' " ft., which gi ves for the value of x, 
990x10 "ft.; in the fifth second the total loss of velocity 
is 585x10- "ft., and the value of a!,15a5xlO "ft.; and 
so on, the common difference of the second order of the 
successive values of 3! being 115xlO-"ft, According to 
this common difference, the 388800th term is about 
(888800)' x^lisxio-" , ^^ O.00O8692 ft.; which may also be 
obtained in the same manner as each of the foregoing 
terms, the total loss of velocity in the 388800th second 
being 330 ft., which substituted in the second term of 
the projwrtion gives the more exact value of 0.000861 ft. 
This would be the series of successive diminutions of 
M's centrifugal force around E owing to the supposed 
back-action of E's attraction. These diminutionsof the 
centrifugal force, other things equal, would of course 
cause corresponding and equivalent excesses of E's at- 
traction, which would tend to draw M back to E. In 
the Qrst second it would be pulled back 75xlO"ft., 
which, as in the other series, would also continue 
through the subsetjuent seconds. In the second second 
it would be pulled back 265xl0-"ft.; in the third second 
570xlO'"ft.; and so on; the pull in each second con- 
tinuing to urge M at the same rate in each subsequent 
second. So that, in the Inst second, or at new Moon, 
the total rate of fall towards E owing to this cause 
would be the sum of the falls in the several seconils. 
That is, thesum of the foregoingseries, or approximately 
iiax»)-"fLx(3Meoo)' ,,„,^ 



{b). Jnadeqttacxf of the Back-Action of tha Earth's 
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Attraction. — Each of the first three series of perturbing 
forces pulled M away from E towards S; and their 
aggregate effect at new Moon would be to generate a 
velocity of M away from E of 4i ft. + 12S ft. + 116 ft. 
or about 248 ft. The last series of perturbing force 
would oppose the combined effect of these three; but 
its maximum effect, as just ascertained, is considerably 
less than half of that due to the opposing perturbing 
forces. And as there is no other alleged cause, or, 
ocooniing to the theory of gra'ritiition, even eon- 
oeivable cause which would curb the excessive perturb- 
ing forces, M, according to that theory, would evi- 
dently keep on receding from E and towards S after 
new Moon was reached, with an ever-increasing velocity, 
(c.) Ohjections to the Back-ActUm Theory. — But 
we are not yet done with the probloni. To the first 
three series of perturbing forces there appears to be no 
serious objection whatever. They are indeed roughly 
computed on the basis of amrage variations of distance 
and velocity. But the results obtained upon this basis 
are very approximately correct, as various checks upon 
the method of computation enable us to ascertain. But 
the last series of perturbing forces, which it is alleged 
would oppose and eventually overcome the other 
forces, is subject to two vei-y serious objections. The 
first objection to it is that the recession of U 
from E during any second after jtassing the gJTOn 
starting point can not possibly occasion a diminution of 
M'a velocity around E ; but would, on tlie contrary, 
necessarily imply an acceleration of that velocity and 
consequent increase of Ws centrifugal foi-ce. Tbo 
ground for this conclusion is, that, in the absence of' 
recession, M's path would be at right angles to Pa 
attraction. An external frtrcc then acts upon M.canstng 
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it to recede from its rectangular paih. This external 
force acts with the force that maintains M's velocity, 
and not in any degree against that force; therefore 
the former can not possibly diminish the latter. And 
morever the external force causing the recession is 
clearly more powerful than any internal or opposing 
available force, because in spite of the latter the exter- 
nal force cavaea M to recede, thus asserting its sujierior- 
ity. It is therefore absurd to suppose that any hoiiy 
urged by two forces in the same direction will move 
with a less velocity than when the botly is acted on by 
one of the forces only. And this argument applies not 
to any one particular second, but obviously to every 
second dunng which receaaion takes place. 

The second objection to the last series of perturbing 
forces is that K's attraction was already wholly engaged 
iu curbing M's centrifugal force, because these two 
forces are sujiposed to be exactly balanced at the start- 
ing point. Ho that, when the external foree acts upon 
M, there is really no force at all to counteract it — no 
force at all to (^use a back-action upon M's velocity 
— whereas, in the computation of the series in question, 
the full value of E's attraction was regarded as opei^ 
uting to produce that back-action. It seems certain 
that M's centrifugal force is neither destroyed nor di- 
minished by ihe fact of M's recession from E, because, as 
just shown, M's velocity is neither destroyed nor di- 
minished by that recession, and the centrifugal foroe 
depends directly upon the square of the velocily. On 
Ibo contrary, it ia obvious that according to the theory 
of gravitation, E's attraction is dhninished upon M, 
owing to its recession. At the starting-point, M's 
oentrifufial force and E's attraction were equal. After 
that point is passed, the centrifugal force is at least 
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UDdlmiiiished beca.use it is aided by a new external 
foree, while E's attraction continually declines in value 
owing to the recession — from all which it clearly 
follows that, between the given points of M's orbit, 
E's force of attraction is not able to cope even with 
M's centrifugal force. So that whatever back-action 
or other action E's attraction would have, would be 
directed wholly against M's centrifugal force; and even 
a surplus of the latter would still be left to aid the 
external perturbing force, with no force whatever to 
act in opposition. 

If these objections are valid, as they certainly 
appear to be, then it follows that the last computed 
series of perturbing forces loses all semblance of logical 
foundation asaforcedrawingMtowardsEand becomes 
changed into another which would draw M away from 
Eand therefore in harmony with the other three forces 
acting in that direction. But even if, owing to any 
cause whatever, these objections should prove to be 
invalid and the last series be legitimately derived, it 
still remains that that series is utterly inadequate to 
,cope with the other three perturbing forces; so that in 
any case the ultimate result would be the same — a 
rapidly accelerating recession of M away from E and 
towards S, after new Moon was passed. 

(d). Front-Actimi of the Sun's Attraction. — But if 
these objections are invalid.then there appears another 
horn to the dilemma. If the last computed series of 
])erturbing forces legitimately applies to M in the given 
case, then there would certainly apply in the same case 
still another and far more powerful perturbing force 
than any we have yet computed, which would act bt 
opposition to the perturbing force due to the hook action 
of E'b attraction. This new perturbing force would l» 
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caused by the froiit-actioti of the Sun. In the gi^en 
case, M is, as it were, between two flres. While it 
recedes from E on the one band, it approaches S on 
the other ; and if the attraction of E acting against M's 
motion diminishes its velocity, then the attraction of S 
acting with M's motion would very obviously increase 
that velocity. It is true that the attraction of S has 
to contend with the centrifugal force of M in its solar 
orbit ; but it is equally true that E's attraction has to 
contend with M's centrifugal force in its terrestrial 
orbit. So if the latter attraction produces an effect 
upon M's velocity, there appears to be no reason what- 
ever why the former attraction should not also produce 
an effect upon M"a velocity. To begin with, M'a path 
in the given case is oblique or inclined towards S in a 
much greater degree than it is inclined from E; and, 
moreover, as the attraction of S is about 2^ times as 
powerful aa that of E, it is not very difficult to see 
that the back-action of the latter would be very small 
indeed as compared with the front-action of the for- 
mer; so that (even if it were regarded as properly 
applicable to the case) it would be a mere waste ot^t 
space and time to compute the actual value of this new J 
perturbing factor for the purpose of adding its prepon- 
derating effect to the effects of already preponderating 
factors. 

80. Direct Contradiction of the Theory by the 
Facts. — From all points of view, then, we Bnd that 
according to the theory of gravitation, the great pre- 
ponderance at least, and apparently all, of the per- 
turbing forces upon the Moon, in the given case, 
tend to draw that body away from the Earth and 
towards the Snn ; which tendency rapidly increases 
WQeff Mood, or the apogeeal point, is approached. 
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At tlie given starting-point the orbital forces upon 
the Moon around the Earth are so adjusted that there 
is no perturbing force wiiatever, tending to draw the 
latter either from, or towards, the former. Prof. Proc- 
tor says that at the given point the perturbing force is 
wholly tavgential, i. e., tending to draw the Moon along 
the tangent to its orbit around the Earth, and there- 
fore in a direction at right angleaXo that of the Earth's 
attraction. The Moon is also assumed to be at its mean 
distance from the Earth at this point,so that the Earth's 
attraction and the Moon's centrifugal force are about 
balanced. In fact wo htow that at the given point the 
orbital forces upon the Moon at least do »ot urr/e that 
body towards the Earth, because we actu/Uli/ observe that 
the Moan mirpea awayfrovi the lutrUt after leaving the 
ffivcn jfoint. Now after leaving the given point, new 
perturbing forces have been shown to arise, which would 
urge the Moon away from the Earth ; an<l these forces 
continually increase in amount as the Moon's distance 
fi-om the point increases, until at new Moon these per- 
turbing forces become thousands of limes more power- 
ful tlian all the other orbital forces upon the Moon 
combined. Therefore, unless there should exist some 
perturbing force or forces which would all along coun 
tcract these perturbing forces so as to prevent them 
from getting such headway, it is manifest that the 
Moon's motion, according to the theory of gravitation, 
would be very little bettor ordered than those of the 
moon of Mr. Artemus Ward. Yet, after a dilllgeot 
search for such counteracting |>erturbing forces in every 
indicated and conceivable quarter, we have found 
inxtead only still greater and more powerful forces con- 
spiring to derange the Moon's motions still more — con- 
spiring to drag the Moon, nolens volens, away from the 
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Earth at syzygy and into the arms of the Sun, So 
that the returning of the Moon backwards around the 
Earth and from the Sun, which we actually observe to 
take place, would be a physical impossibility in accord- 
ance with that theory. 

81. Pos»lhiliiy of t/ie Given Vase. — In concluding 
the discussion of this problem a few words may be 
said regarding the possibility of the given case. It is, 
of course, a well-known fact that the apogee of the 
Moon's orbit is not a fixed point, witli respect either to 
the £arth or to the Sun, but a point which itself moves 
around in the orbit, although more slowly than the 
Moon. Its rate of motion is, in fact, nearly 41° per 
annum; so that the jwriods between successive con- 
junctions of apogee with the Sun is a trille less than 
412 days." During every such period, then, the apo- 
geeal point moves slowly from new Moon around 
through every point of the Moon's synodic orbit back 
again to new Moon. If further evidence were neces- 
sary to show that the apogeeal point may lie at new 
Moon, we have it in the fact of annular eclipses of the 
Sun. Solar eclipses happen at new Moon; and ordi- 
narily the distance of the latter from the Earth is such 
that the Moon's disc will totally cover and hide the 
Sun from the view of an observer in the line of the 
Moon's shadow. But when the apogee of the Moon's 
□rbil is at new Moon, and the conditions are such that 
the latter will jtass over the Sun's disc at that time,tiie 
distance of the Moon from the Earth will be so great 
that onJy the central portion of that disc will be cov* 
«rod by the Bfoon and the outer rim of the Sun will be 
risible ail around the lunar disc; whence the name, 
tuumlar eclipses. These annular eclipses prove, there- 
'll. A. PtocUir, TlK Moon, i<. m . 
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fore, thai the Moon's apogee, or point of greatest dis- 
tance from the Earth, occasionally lies at new Moon, 
as hiLS been assumed in the given case, because it is 
only the Moon's greatest distance at new Moon that 
can cause such eclipses. This and the balancement of 
the orbital forces upon the Moon at the given starting 
point are the essentia! points of the case. The given 
distance of the Moon at that point is not an essential 
element; as anj' other possible distance at that point 
would not appreciably change the results obtained. 

As to the equilibrium of the orbital forces at the given 
starting-point, it may be stated here that only tlie nor- 
mal compoHetits of the perturbing forces upon the Moon, 
that is, those components which cause the Moon to re- 
cede from, or approach towards, the Earth are said to be 
balanced upon the Moon at that point. The tangential 
comj>onetif-s of the perturbing forces, that is, the com- 
ponents which acceUrate the Moon's motion around the 
Earth, are statetl by both Herschel and Proctor to be 
nearly at a maximum at that point. It is very mani- 
fest, however, that this condition of things rs by no 
means unfavorable to the conclusions here arrived r.t. 

82. Previnus Ztiscuasions of the problem. — It n;:/ 
appear strange to the reader that no computation cf 
the perturbing forces upon the Moon by other authori- 
ties has here been referred to. But where, it may be 
asked, are such computations to be found ? Inquinee 
regarding this subject have been sent to various obser- 
vatories and scientific journals, and the answera re- 
ceived to these inquiries indicate that no such computa- 
tions are anywhere in existence. As a sample of 
these answers I quote from Mr. G. W. Hill of the 
Naval (Observatory, "Washington, D. C, upon this sub- 
ject : " I do not know any more accurate values of tbe 
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quantilies jou ask for than those given by Mr. Proctor. 
They do not particularly interest the mathematical as- 
troiner as he has no use for them. Ilence, they have 
never been computed with the last degree of precision. 
Their computation is sufficiently laborious .... and 
two months' work would be necessary to get them with 
all possible exactitude. 

" No exhaustive treatise on the lunar theory exists in 
tijo English language. Perhaps the translation of 
Laplace's Mecanuiue Celeste by Dr. N. Bowditch comes 
the nearest to it." I^place and Mr. Proctor, however, 
treat only of the general problem and do not discuss 
the perturbing forces upon the Moon in detail. New- 
ton gives the mean value of the solar perturbing force 
upon the Moon as g ^ s ^ j ^ o of gravity at the Earth's sur- 
face, or Y^ of the principal force which holds the 
Moun in its orbit. Uerschel gives the rutioof the solar 
perturbing force to the central force holding the Moon 
in its terrestrial orbit for three positions of the per- 
turbed body, or full Moon, last quarter, and new Moon, 
as 1 : 90, 1 : 179, and 1 : 89, respectively. He also repre- 
sents by means of lines of various lengths the values of 
the perturbing force at intermetiiate positions. But be 
makes no attempt to compute the continuous effect of 
these values of the perturbing force. And Mr. Proctor, 
one of the most recent authorities on the subject, and 
in a Volume devoted wholly to our satellite, follows 
very closely in the footsteps of Herschel and Newton. 
All of these astronomers ajipear to notice only one fac- 
tor of the perturbing force upon the Moon, namely, 
that due to the distance-variation of the perturbed from 
the perturbing body. The more powerful factors due 
to the distance-variation of the Moon from the Earth 
ood to the variation of the Moon's velocity around the 
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Sun are ignored, and no reference whatever is made to 
any work where these ignored factors are discussed, or 
whore the continuous eSect of tUe factor, the separate 
values of which are given, is carried out consecutively 
and cumulatively througli the succeesivo time-units 
during which it acts.* 

83. Tlie Alleged Perfection of the Theory. -"Hovi if 
it be true, as indeed it has every appearance of being, 
that the actual amounts of the perturbing forces upon 
tbe Moon in its orbit around the Earth, and their true 
cumulative effects in the acknowledged periods of their 
action, according to the theory of gravitation, have 
never been computed ; it seems very remarkable, to say 
the least, that that theory should be regarded, as it cer- 
t^nly is, by the most eminent scientists and mathenia- 
ticians,agall but fully, if not indeed completely, demon- 
strated. The following utteranc:^ by Sir John Ilerschel, 
for example, is evidently intended to convey the im- 
pression tiiat the theory of gravitation accounts com- 
pletely for every item of force or motion to which the 
Moon is subject at any time or during any period of 
time: — " What Newton left undone, however, his suc- 
cessors have accomplished ; and at this day it is hardly 

* The lucur tbeorf IsalaodUcussedtif Alr]'liiblsw(irkDn"Gnii^LBUoa." 
Ilugli QoAtTBj haa publtohed ■ brief clemeptary book, luiil Prof. JuhiiK. 
StoclEtrell B larger volume upon this culiject. ilut Ihefte wnrka, like tboM 
of lAplace, NeTtoa, Hi>rschEl and Proctor, treat only Lha jjMmerKl prublem 
■nd ilo not ttttempt to give the cumulnlive effector all or nnj' irurllDIi vt Um 
perturbing torero here coiuiOcred for the tntiro periods of their Birtkon. 
Fmliabl]' the best trcalUKV on thD subject are In French, fiernian and 
Latin. Somcor Oiemsre: by Plana. ■' Tkmrlfau Mimvemtnt ilf la Litnc" 
ISBD: by Delauney, T'i'iit-li' itu Uaiivemtnt rie la tMnt, Tomes nicrlll ftud 
xxll, or the Memoirs nt the Paris Academy of Scloneea; by T. A. ttnamD, 
" FutiHamentJi Nana IneirtloitUina nrbtlae qiuim Lima I'trltiMrat," IKUt 
and by the saino mitbor, " DarUnunp." etc.. IBM Thceoircirli* I luiTaoat 
tecD. but have been Inrormed (bat they chicay relate to seeulnr rarlatloia 
t>r the Hood's motioii. sucb as rocosslmi of iho nudes, nhaoiifi of loollnatlon 
or orbital plane, antiual equation, seeular acnelerellon. parallactic iDMltia*- 
lly, eveotlon and Eeaeral conaldetaUoii of ill the dtsturbUig foruM upon Ibf 
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too much to assert that there is not a single perturba- 
tion, great or smaU, which observation has become 
precise enongh clearly to detect and place in evidence, 
which has not been traced up to its origin In the mu- 
tual parts of our system, and minutely accounted for 
in its numencal amount ami ralue by strict cidculation 
on Newton's principles." This passage also appears 
to indicate the method or system of the mathematical 
astronomer. In fact, this methotl seems to be first of all 
to obitervi the perturbaliim-, and then to account for it 
by the theory of gravitation. This is the metho<l, which 
it appears, that all writers on the subject have followed ; 
and henco it is that such perturbations as are not 
observed, but which yet the theory seems clearly to 
involve, and in cases of very common occurrence, are 
rarely, if ever, even mentioned by these writers. 



CHAPTER IV. 
THE AMOUNT AND DISTRIBUTION OP THB SUN'S HEAT. 

84. T7ie TemjieratUTS of the Suit's Surface.— Vassm^ 
over a large number of objections which havealrcmly 
been urged by other writers against the mechanism of 
oursystom as explicable by the theory of gravitation, 
let us now give attention for a moment to the amount 
and distribution of the Sun's heat, which that th(M>ry 
involves, and compare it with the state of things which 
nfipoars to bo indicated by actual observation. 

According to the present thenry, the Sim's heat 
radiates cr|ually in all directions outwards from that 
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hody. The quantity of solar lieat which would be in- 
teroopted by the Earth, therefore, would be such a 
part of the whole heat radiated from the Sun as the 
apparent angular area of the Earth as viewed from the 
Sun's center is of the area of the whole sky. Now, 
the angular diameter of the Earth, as it would be seen 
from the Sun is only about 17 seconds; and, as similar 
areas aro to each other as the squares of their like 
dimensions, the angular area of the Earth, viewed from 
the Sun. will be to that of the whole sky as { 17 )' is to 
2{ 180x60x60)', or about as 1 to 2,900,0OtJ,OO0 ;sothat 
**"'y atioii ' joftft n "f *'^^ ^^<^^ radiated from the Sun 
falls upon the Earth. Then as the Sun's angular Uiaine- 
ter from the Earth is about 31 minutes of arc, the 
Sun's area as compared with that of the Earth will be 
about as (31x60)' to (17)' or about as 1200&to 1. 
Tlierefore the heat radiated from a certain area of the 
Sun, as a square inch or a square yard, ist^sji^^^As^Qf 
about 240000 times greater than that which is received 
from the Sun upon an etjuai area on the Earth. Now 
we may take the Earth's surface temperature exposed 
to the Sun at the Equator at about 150" F, above zero, 
and this acording to Langley is about f of the solar beat 
received at the outer limits of the Earth's atmosphere. 
It is also supposed that if the Sun were suddenly blot- 
ted out of existence, the Earth's surface temperature 
at the Equator would drop down, according to Prof. 
Langley and others, to some 300'' or 400° below zero, F. 
So that the quantity of heat received upon the Earth, 
which is diie to the Sun's radiation is sneli as wotild 
raise its normally erposed surface about 600" F. And 
as the amount of heat radiated from a certain area of 
the Sun is 240000 times greater than that received 
upou an equal area of the Earth, the Sun's Lemi>erature 
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ought to be about 600^ x 240000. or 144,000,000" F. 
This is about the same reaaimin^ as Newton employed 
regarding this subject; and the result above obtained is 
not very gpoatly different from Newion's result. This 
would make the immediate neighboi hood of the Sun so 
extremely heated that all known substances traversing it 
would be reduced to va|>or. Therefore, when thecometof 
1680 parsed so close to the Sun as toalmost graze its at- 
mosphere, Newton was very much" surprised indeed when 
that body which remained in the immediate neighbor- 
hood of the Sun for many hours, brushed around and 
passed thegreat luminary without undergoing the slight- 
est noticeable change, although, according to his own 
computation, the comet must have been subjected dur- 
ing that time to a degree of heat 2000 times that ot 
red-hot iron. 

Whether this circumstance staggered his belief in 
the extremely elevated temperature which he had 
deduced for the Sun, or not, it, together with many 
other circumstances, certainly staggered others in that 
belief, and as a consequence there is today probably a 
score of different estimates of the Sun's temperature 
from several million degrees down to as low as three 
thousand. On this subject, Mr. J. Norman Lockyer 
says: " The values that have been suggested by various 
men of science vary between 18,000,000° and 3,000°. 
Tou may take your choice. The fact is, I think, that 
we are not yet in a position to find out the very best 
mothod of determining the temi>erature and thus 
marking it down in a perfect manner, for the reason 
that the more one knows about the problem, the more 
one sees how terribly com))licated it is.'** 

The lowest of thecie values are not those which have 



192 ODJECTIOSS TO TBK TUBoBV OP QKAVITATIOM. 

been determined in accordance with the theory of 
gravitation, but those which have been deteraiine<l from 
comparisons with actual temperatures upon the Earth, 
or by means of the spectroscope. Thus Prof. S, P. 
Langley made direct comparison of the Sun's heat with 
that of ibe superheated metal at a " pour" of the Bes- 
semer converter. From this he states that "the heat 
from any single square foot of the Sun's surface was 
found to be at least eighty-seven times that from a 
square foot of the melted metaJ." He further adds — 
" It is probable from all experiments made up to this 
date that the solar effective temperature is not lees 
than 3,000 nor more than 30,000 degrees of the Centi- 
grade thermometer. Sir William Siemens, whose 
opinion on any question as to heat is entitled to great 
respect, thought the lower value nearer the truth."* 
Here, then, appcnrs to be a direct conflict of actual 
observation w ith the theory. 

85. Unvaryiiig Quantity of Solar Heat at Variou» 
Distances/rom theSun. — But a more serious conflict of 
actual olBervation with the theory is found in the con- 
Btancy of the amount of solar heat which falls upon the 
Earth at -cariam distances Irora the Sun. It is well 
known that the Earth is some three millions of miles 
nearer to the Sun in January than in July. According 
to tlie theory of gravitation, it is shown by Sir John 
Herschel that " the least variation of temperatar© 
under such circumstances which can reasonably bu 
attributed to the actual variation of the Sun's distance 
is 23° F."t The summersof the Southern hemisphere, 
tbei-eforo. should be at least 211" hotter than ours on the 
average, and tlie winters of ttic Southern hemisphere 
colder than ours by the sumo difl'crcnce. Yet the 

• Century iSng. , December. 1»84. t OutHnri uj Jjimri.. Art- Vat *. 



AWOCTMT Ami DUTBIIIUTtOM OF THE SDN's HEAT. 193 

eminent Sir William Thomson tells us* that "neither 
at the cqaiitor nor In the soutlmrn or northern hemi- 
splicru bus this difference been discovered by experience 
or general observation of any kind." This is certainly 
vital evidence, and it goes remarkably direct against 
the theory of gravitation, 

86, Amount of Soltir Ileal Falling Upon Either 
Pole ofOie EurUi, During i(e Sum-i/ur Seofion Greater 
tfutn that tqiirib a Poliit ot t/i^ Ejtiator. — In still another 
instance \s the amount of aunheat which would be re- 
ceived upon the Earth in accordance with the theory 
of grnvitalion, glaringly at variance with the observed 
facts. Tliat the ttimpcrature of the North Frigid Zone 
daring our summer is a great deal lower than at the 
Equator, is so commonplace a fact that it seems almost 
puorilo to mention it. Vet we have it upon the author- 
ity of Dr. Zenker, in a work which has been awarded 
a prize by the Paris Academy, that, " leaving the air 
out of account, as has usually been the case, . , . the 
heal received by the Pole on a summer day is greater 
than that which falls on a point at tlio equator. Thus, 
taking as unit, the heat received during twenty-four 
hours by a place at which the sun is in the zenith, the 
North pole receives an amount of heat represented by 
0.397, and a point on the equator an amount repre- 
sented by 0.292."t 

In other words, there would fall upon the North 
Pole, according to the present theory, an amount ot 
solar heat greater by over one third than that which 
would fall ujKin a point at tlie Equator ! Paradoxical 
m this may at Hi-Rt sight appear, it readily admits of a 
simple explanation. For. during our summer season, 
" Ill's rays are at no time perpendicular to the 

nl IXXV,i«. ♦ ffotury, XXI^'l I, BSt 
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Equator, the average inclination of thcM Tay» to & 
point upon the equatorial surface while exposed to tho 
solar lieat being considerably more tlian half as great 
as the average inclination to the polar surface; and also 
the equatorial surface receives tho Sun's rays for little 
more than half of every t^venty-four houre, wliile the 
polar surface receives the Sun's rays during the entire 
summer without intermission. Why, then, is it not 
warmer at the polar regions than at tlie equatorial 
regions, to correspond with the greater amount of 
solar heat which theoretically falls ujjon the former 
place? Some are inclined to think that the reason is, 
the Sun's rays which fall upon the Pole, having the 
greater inclination, and consequently having to pass 
through the greater thickness of atmosphere, would be 
more absorbed by the air before reaching that surface. 
But this view is open to the very serious objection that 
the absorption and accumulation of tho solar heat by 
the atmosphere is the very thing that raises the tem- 
perature at the Earth's surface; for if there were 
DO atmosphere at all to absorb and retain the Sun's 
heat, the temjwrature of the Earth's surface would 
be some hundreds of degrees below zero, even under 
a vertical sun. An excellent authority on this sub- 
ject says: "Although the actual solar radiation is thus 
largely increased, yet the terai>erature of the Earth's 
surface is not due principally to this direct radiation, 
but to the qnality of selective absorption in our atmos- 
phere. Withmit which the temperature of the soi/, in the 
tropica mider a vertical sun would ■probably not riw 
aiwrfl— 200-0. Nearly all the 215 or more degrees of 
difference between this and the actual mean tempera- 
ture of the planet's surface is due to this selectire 
absorption, which accumulates the heat, though in a 
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manner wtiicli lias not been hitherto correctly under- 
stood. It should be understood that these researches 
have had a practical bearing of great consequence. 
The temperature of this planet, and with it the exis- 
tence not only of the hnman race, but of alt organized 
life on the globe ap[)ears, in the light of the conclusions 
reached by the Mount Whitney exjiedition, to depend 
far loss on the direct solar heat than on the hitherto 
too little regarded quality of sclfctive absorption in our 
atmosphere which we are now studying."* From this 
it seems quite clear, then, that the greater the amount 
of heat that was absorbed by the atmosphere of a 
region, the warmer the temperature of that region 
ought tobe. For the aame writer adds: "Generally 
i)]ie»king, the nuliatiun that we see enter, we see 
oscjipo within the utmost limit of the known solar 
siwctnim," according to which the radiation which the 
atmosphere aljsorbs and stores up is all that remains 
and is very obviously that to which almost alone the 
surface temperature is due. 

Still another explanation of the extremely low tem- 
perature which is known to prevail at the jiolar regions 
us compared with that at the equatorial regions, in 
spite of the greater amount of solar radiation and 
atmospheric absorption at the former which the theory 
implies— is that, in tliese regions, the ice ami mojo 
rgfiM- the /teat faU'mg vj>i.m them l<i a much greater 
extent than the land surface of the equatoi'ial regions 
docs. It really seems that this attempt at esplnnation 
must have be«n made because there was none better to 
offer. We need not discuss all the objections that could 
be made to this alleged explanation. An insuperable 
olijcclion to It is involved in the single question — If 
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there is u greater solar radialiuti iiiul ii Linusplierio 
absorption ut the polar regions than at lower latitudes, 
as Dr. Zenker shows, wli_y is not the snow and ice 
melted away at the former place as it is in the latter 
Upon the approach of our summer season ? In lati- 
tude ■m", e. g., tracts of country fully aa largo as 
Greenland is frequently covered with ice and snow; 
yet a very few warm days of spring (not to men- 
tion the summer at all) is sufficient to melt it all 
away; while the ice and snow of Greenland, where 
the amount of solar radiation is theoretically much 
greater, scarcely melts at all 1 It is true that a con- 
siderable amount of snow and ice would accumulate in 
the Arctic regions during our winter; but it is equally 
true that, if all the ice and snow of Greenland were 
removed down to latitude 4W and spread over that 
country to theeame depth, it would all melt away dur~ 
ing a single month of summer* ; and yet, according to 
the current theory, a much less amount of solar heat 
is available to melt the ice and snow in latitude 40° 
than in northern Greenland. 

87. Direct Contradiction of the Thecry hy iAa 
Facta. — It follows, therefore, that both the tempera- 
ture of the Sun's surface and the distribution of the 
solar radiation, which the current theory clearly 
involves, is emphatically contradicte<l by actual obser- 
vation. The degree of beat at the Sun's surface which 

•IjuiBlercompiiUa rroin bli TOKarchos (bat (lie solar bi*at recolTsd 
upon tbc outer llmlbi at iiur Htmuaphere Is Buch u would melt on loc-ahtwt 
1TB fool rbick «nnmill» over the entire Burf»™ of tliu Pnrth: or^l lir furtliof 
Dnila th«t onlyoiie-ihinlof Ifttohent lii nlisorl*'! I'v •'■' ••• — ■—:•'< — from 

• vertLeal Bun. Of pouree, then, n much imni' : hIiI 

oetuuDi/ be niolteil at the Equator durlns t»vcti < i.^;, 

the temparature Ihern is mush nbovo thx Rt'ii 'iii.' 
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that theory undoubtedly implies is, in tho first place, 
almost inconceivably great; in the second place, it is 
belied by tlie presence of black spots on tho Sun's sui^ 
face, which are generally admitted to be formed by the 
down-rush of cooled, solid particles, whereas the theo- 
retical temperature of the Sun is such as would almost 
instantly dissolve all known substances into vapor, 
even at a distance of millions of miles from the Sun's 
surface; in the third place, it is belied by the impunity 
with which the comet of 1680 passed through the 
immediate neighborhood of the Sun ; in the fourth 
place, it is belied by comparison with known tempera- 
tures upon the Earth's surface ; in the fifth place, the 
distribution of the solar heat which the theory involves 
is belied by the utter absence of those very considera- 
ble differences of temperature upon the Earth, which 
should theoretically accompany its varying distances 
from the Bun; and in the sixth place, the theoretical 
distribution of the solar heat over the Earth's surface 
is almost diametrically the opposite of that which we 
actually observe. 



CHAPTEK V. 
THK OCEANIC TIDES. 



88. TIte Tidal T/i^'ft/.—But perhaps the most 
glaring inRtance of incongruity of the theory of gravi- 
tation with the actual facta, is furnished by the phe- 
nomena of the tidia. According to that theory, the Moon 
is tho chief tidtf-produccr ; and the alleged cause of 
the tides is tho difference between the Moon's hUL'^^sk- 
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tion at the center of the Earth and tlio two points uf 
the Earth's surfa^sc which is nearest to, am] fartlicet 
from, our satellite. Thus on the side of the Earth near- 
est to the Moon, the Moon's attraction would be yreater 
than at the Earth's center because the distance in the 
former case is less than in the latter ; and therefore the 
water on that aide of the Earth would be drawn away 
from the Earth's center, thus causing the thle. Also 
the Moon's attraction would be leas upon the farthest 
side of the Earth from the Moon than upon the Earth's 
center, because the distance in the former case is 
greater than in the latter; and therefore the Earth's 
center would bo drawn away from the water on that 
side, which would thus bulge away from the Earth's 
center and cause the antitlde. This is the theory; and 
this theory might do, perhaps, if it were not for one or 
two very important factors, which appear to be wholly 
ignored by it. 

89. T!i£ TieU- li'tisiiitf Furce Directly Opj^ised by 
Terreatriiil Gravity. — One of those factors is the at- 
traction of the Earth itself upon its surface waters. 
This attraction holds these waters to the Earth's cen- 
ter with a force or power more than twelve miUion 
times greater than the alleged force which would pull 
them away from the Earth's center. Does it not 
really seem, oven to the most casual reader, that it 
would be utterly impossible for this very minute force 
to pull the waters away from the Earth's center, in 
direct opposition to the immensely more powerful force 
holding the waters to that centeri! And does it not 
really seera, also, that this impossibility is a vital objeo- 
Uon to the current tidal theory ? 

This impossibility appears to be so self-evident a 
axiomatic, that it is really difficult Ut pri'sent thu oU 
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" jection in plainer ivonla. If, however, we suppose that 
twelve milliuo liorses were palling a car in one ilireo- 
tion and a, single horse pulling it in the op[)osite tlireo- 
tion, it would seem very plain to us that tlio car would 
not movu in the direction of the single horse. Nor 
would lliti case be altered in the least, if we should 
suppose that a physical obstruction, aside from the 
single horae, prevented the car from moving in the 
direction in which the many horses pulled it, with no 
obstruction whatever, aside from the many horses, to 
prevent it from moving in the direction of the single 
horse. In this last case, It is just as obvious that the 
millions of horses would hold the car against the ob- 
atnictiun, from which tberofore it would be quite im- 
possible for the single horse to pull it away in his own 
direction. Now the car represents the water on the 
Earth's surface ; the twelve million horses pulling the 
car in one direction rtipresents the Earth's attraction 
pulling the waters towards the Earth's center ; the one 
horse pulling the car in the ojuwjsite direction is the 
difference of the Moon's attraction upon ihe central 
mass and either side of the Earth in the line of the two 
bodies, pulling the waters from the Earth's center; and 
the obstruction which prevents the many horses from 
moving the car in their direction represents the solid 
surface crust of the Earth, which prevents the falling 
of the waters towards the Earth's center. 

Is it reasonable, then, that the one horse-power can 
raise the winters in the least degree away from the 
Earth's cMinter in direct opposition to the united pull of 
the twelve million horse|)ower towards the Earth's 
center I Thisappearstobean oxtreraly simple raechan- 
icul problem. Yet apparently in the face of all sense, 
>n, and exporioucc, the theory of gravitation 
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alleges tbat tlie one horse power actually pulls the 
water from the obstruction against which the united 
strength of twelve million horse-power is continually 
holdiug it. 

The reasonable view of this case would seem to be 
that the one unit of power pulling away from the Earth's 
center would counteract the effect of one of the twelve 
million units of power pulling in the opposite direction, J 
thus leaving a balance of 11,999,999 units of power! 
pulling towards the Earth's center. But while thig 1] 
would diminish the pull upon the waters towards the 
latter point in a very slight degree, yet very obviously 
the waters would still be held almost as strongly as 
ever towards that point with nothlngnt all now to pullJ 
tbem away from it, 

90. The Tiling not Raised WTiere Ui£ AlltgeA 
Tide-liaising Force is Applied. — While the absurdity" 
of the gravitational theory of the orio;in of the tldal>l 
wave is thus shown as clearly, it seems, as anything 
can possibly he made, yet this absurdity appears to t 
still further enhanced by the well-known fact that thi 
actual tidal wave rarely, if ever, is raised, or a[>peiU 
directly under the Moon, but generally at a portion a 
the Earth's surface 00° from that at which the Moon b 
in the meridian. How the Moon's attraction can thw 
raise the waters in a direction at right angles to its ow 
and where no tide-raising force whatever theoretlcallyl 
applies, is — simply inexplicable. It would seem thafcl 
if it were tlie Moon's attraction that raised the tidal 
wave directly towards, or indirectly from, itself, 
the open ocean at least that tidal wave would be' 
directly underneath the Moon's orb, and that, if for 
any reason, the wave were delayed a considerable dis- 
tance lieliiud th:it position, it would gradually die uut, 
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niply on account i>f tlie friction it has to encounter 
and llie absence of any cause to sustain it in its dis- 
pluced position. But, wonderful to relate, we havo it 
on tlie authority of the tbeory of gravitation that the 
tidal wave generated by the transit of the tide-producer 
over a certain meridian of the tide-bearer may not 
itself arrive at that meridian until some one or two 
days have elapsed afler the transit which caused iti 
"The interval of time between the transit of the moon 
irhich originates a tide and the appearance of the tide 
itself, is called the age or retardatioB of the tide. 
. . , , The ago of the tide is, frera the times^ 394 lii^-i 
from the heiglits, 42^ hrs."* 

91. TVw Owaidc Tides OUita-ated hy Tides m the 
JEari/i's Interior. — Another vital objection to the present 
theory of the tides is that, according to the generally 
believed physical condition of the Earth, there would be 
no tide at all. Strange as this may appear, it is never- 
theless true, as the following considerations go to prove. 
It is a well known fact that the temperature of the 
Earth's crust increases about 1* for every 50 feet 
below the surface. This uniform increase of tempera- 
ture with depth is found at all points of the surface 
without any respect to the sea level, and is therefrn'e a 
general characteristic of the Earth's crust. This tem- 
perature gradient obviously implies a constant transfer 
of heat from warmer inner strata to cooler outer strata 
by conduction; according to which the difference of 
temperature would soon disappear by the warmer strata 
cooling off if there were not a constant supply of heat 
within the Earth. And this proves that the rise of 
temperature thus maintained for unknown millions of 
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years is not merely superficuil, but continues to a very 
great dcptli. Now tliisnite of increase implies a tora- 
[wniture of about, 1,000° atadeptb of 15 miles; a tem- 
perature sutlicient to reduce to tlie fluid state all of tbe 
itnown materials ivhicL form the solid crust of the 
j;lol}e. The apparently solid Eartb on which we live is 
tlierefore a comparatively thin shell of solid matter in- 
side of which is enclosed the vast bulk of the Eartb in 
a molten or gaseous state. Many facts are observed 
to corroborate this conclusion ; among n-biob are boil- 
ing springs, earthquakes, and volcanoes; tbe torrents 
of lava or melted rock from tlie latter for thousands of 
years clearly testifying to the molten condition of the 
Eartli's interior. 

Bat how is this state of things to be reconciled with 
tbe present theory of tbe tides! If the interior of the 
Earth is in a molten stale, it is very clear that in accord- 
ance with the theory of gravitation, a tidal swell 
would be caused there just as well us at tbe surface 
of the crust, This tidal swell would cause tlie thin 
crust to be successively elevated and depressed ; and 
these successive beniiings of the crust would neutralize 
the effecta of the ocean tides because tlie bottom of 
tbe sea would be raised almost, if not quite, as mniih 
as its surface, and the depth of the sea would thus 
remain almost unchang;ed, and consequently Do tide 
would be observed. 

92. Oilier Ob/rclmis EUewftere N'otieeih— We 
have thus brieBy noticed a few important objections to 
tlie current theory of cosmical mechanics. OUier objec- 
tions might be urged against that tlieory; but it seems 
quite unnecessary to multiply instances further. The 
utterance of Huxley holds in this theory, as in every 
other llioory : — " One fact with which it is positively 
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inconsistent is worth as much, and as powerful in nega- 
tiving the liyiwthesis, as live hundred." 

Wo may now retrace our steps and go over the same 
ground again in the light of the new theory, which we 
have alrciidy briefly introduced, in order to observe the 
simple explanations which is furnished not only of 
these phenomena in which the current theory fails, 
but also of many other phenomena of cosmical evolu- 
tion. Numerous minor objections to the current theory 
will be noticed as the exposition of the new theory 
proceeds. 
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A NEW THEORY. 



What there is between the sun and the planet that makes eKh 
of them pull lliu other, Newton did not know ; nnlMxIy knows 



this day ; and nil 
known nioliun of the planet Is 
it wt^re Caslened Ui the sun by : 
of elasticity. 

Theorlitruni vires, a 
adaptutiont (juQ, quasi ii 



able to HSH^rt poaitively Is that the 
precisely whut would Iw prodnewl If 
\n vlastic Hiring, having a certalu law 

Prof. William Kingden Cliford. 



CHAPTER I. 



EVOLUTION OF TOE SOLAR SYSTEM. 



93, The fhiginal Soltir SplxTtiul. — The primary 
concei)tions of the new theory are littlif different from 
those of the nebular hypothesis. These conceptions 
are that the Solar System was once a vast i-otating 
spheroid of vapor, nearly or quite homogeneous, the 
cquiitor of which probably extended outwards on all 
sides nearly t« Neptune's orbit; and that this vajjor 
was makeup of minute, but distinct, component parts, 
having some jnfflf^^n'u/ connexion with one another by 
virtue of which the vapor would cohere within certain 
liniils, and its component parts, if unrestrained, would 
tend to lesson ihedistancelK-tween them. Thisl^ndei 
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\tl Llic cuiiijiutivnt [larts to approacli one another may 
socrn not uiiliku Llie attraction of gravity ; but the two 
are not iiecessariiy i(luntic;il. There are other agencies 
that cau^e apiiioximation of parts lic»i(lcsgmvii.y,Btich, 
e.ff.,aa ni;igiiclisiii, chiRticily, anil loss of liuat. The 
connc'xi'ina here promised between the ultimate otim- 
poncntflof the vapor, and tending to hold or approxi- 
male the parts to each other, aresupposed to be highly 
ulustio, and, in snp|K)rt of this view, it may be men- 
tioned here that Newton and Faraday have thought 
that gravitation itself would find its true explanation 
by means of some such matr^nai agency as is liere con- 
ceived. As to whether the original solar spheroid was 
intensely heated, or even heated at all in the ordinary 
sense of that word, nothiniy; can be slated with cer- 
tainty. Heat is a moile of motion, and subsecjaent 
pages may siiow to us that there are many degrees, or 
different modes, of such motion, forming a regular 
series, similar to the wave-lengths of the solar spec- 
trum, of which the mo<le» that are sensil.lo to ua may 
he comparatively few, and belonging, perhaps, to the 
middle portion. It may not be impossible, therefore, 
that, if the processes by which bodies become to ua 
.intensely heated were further intensified to a certain de- 
gree, the resulting mode of motion would no lon^fr he 
sensible to us as heat, and it may even be possible that, 
if the intensification of the heating process were suffi- 
ciently great, the resulting mode of motion would not 
1» sensible to us at all. It seems not unreasonable to 
Bup))03c that thi8 last condition would be tiiat of the 
original solar spheroid, the intensity of the process to 
which it must have been sulijected being such as to 
reduce its density probably far below that of the most 
perfoct vacuum that man can produce. 
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The rotation of ibe spheroid will be referred to and 
explained in a more advanced sUig(< of the discussion. 

94. Surface OmifrttcUun ami Development. — Onr 
premises, then, once more, are a riist roUitiitg spheroid 
of va[M)r, nearly or quite homogeneous, and matlo up 
of minute parts having connexious between them, by 
virtue of which the mass coheres, and, under certain 
circumstances, tlie parts may approach one another. 
From these premises it would follow that those parts 
situated on the surface of the sphere would have the 
greJVter liberty of action, because they are not intlueiiced 
by other parts upon their outer sides, while the subja- 
cent parts are thus influenced on nil sides. For this 
reason, these surface parts would lend to appntach their 
subjacent neighbors and form with them a closer union. 
Wliut the nature of Ihis union would be, we can not 
Hudertjike to stale ; but we may suppose that tlie two 
adjacent layers of surface parts would eventually join 
together in forming consolidated groups of component 
parts, which we may designate by the term viohculea, 
each molecule being connected with its neighbor, niuoh 
in the same manner as the primortliai parts, save that 
the connexions of the molecules may be more complex. 
This change in the structure of the two surface layers 
from approximate homogoncity to comparative hetero- 
geneity would allow to the thini layer a greater liberty 
of inward motion ; and this layer, or some of its com- 
ponent parts, would tend to approach the fonrlh layer 
of comjionent |>arts, though perhaps more slowly than 
the parts of the lirst layer. Thus would be formed a 
second layer of molecules ; and in much the same man- 
ner would be formed a third, a fonrth, a fifth, layer of 
molecules, though quite probably each successive iavei*, 
owing to the influence of the outer heterogeneous lay- 
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"ere, would require a muc)i greater time to form tliiin 
the preceding layer. Now the same causes limt mmle 
Urn original surface coniponcnts npiiroach their sulija- 
cent ni'ighlxM-s would also oi><?rato u|khi the surface 
molecules. These would approach the second layer of 
molecules and form with them a layer of compound 
molecules, having still more complex relations with the 
simpler molecules and with one another. And so also 
with a third and fourth- layer of molecules. In tlie 
same manner also would be formetl still more compound 
molecules; and we apparently have no reason to sup 
pose that this process would not continue, or to draw a 
limit Iwyond which, if left to itself, it would cease. 

Wo may corrohorate and further illustrate ourvieivs 
thus far by the following instructive extract from the 
presidential address of Prof. William Cro<tkt's at the 
iifty sixth annual meeting of the British Association: 
"In course of time, some process akin to cooling, 
probably internal, reduces the tempemture of the 
oosnuo j>rott/le to a point at which the first steps In 
granulation take place; matter as we know it comes 
into existence, and atoms are formed. As soon as an 
atom is formed out of j?roti/h it is a store of energy, 
potential (from its tendency to coalesce with other 
atoms by gravitation or chemically) nnd kinetic (from 
its internal motions). To obtain this energy, the neigh- 
boring /*niiy/e must be relrigeraioti by it, and thereby 
the subticquunt formation of other atoms will lie accel- 
erated. Bat with atomic matter llio various forma of 
energy which require matter to render them evident 
begin to act; an<l, amongst others, th;it form of energy 
which has for one of it« factors what we now call 
aUnttui vseight. Let us assume that the elenicutary 
protylt contains within itself the potentiality of every 



possible combining proportion or atomic weight. Lot 
it be granted that the whole of our known elements 
were not at this epoch simultaneously created. The 
easiest formed ulement, the one most nearly aUied to 
the pi-olyle in simplicity, is Hrst born. Hydrogen — or 
shall wo say helium! — of all the known elements the 
one of simplest structure and lowest atomic weight, is 
the first to come into being. For some time hydrogen 
would be the only form of matter (as we now know it) 
in existence, and between hydrogen and the next 
formed element there would be a considerable gap in 
time, during the latter part of which the element next 
in order of simplicity would be slowly approaching its 
birth-point; pending this i>eriod we may suppose tbot 
the evolutionary process, which soon was to determine 
the birth of the new element, would also determine its 
atomic weight, its affinities, and its chemical position. 

"In the original genesis, the longer the time occa- 
pied in that portion of the cooling down during which 
the hardening of ^\cj>roiijh into atoms took place, the 
more sharply defined would be the resulting elements; 
and, on the other hand, with more irregnUvrity in the 
original cooling we should have a nearer approach to 
the state of the elemental family and as we know it at 
present." 

95. Surfare liiiji/lUy and liing-Forvuition. — The 
sphere is premised to have a rotatory motion ; and this 
motion would have some effect upon the jnolecules. 
These bodies, owing to the approach of their constit- 
uent parts, would obviously be much denser than the 
originsd vapor; and it is wclMinown to us that in a 
revolving mass, when the constituent particlus have 
freedom of motion, the denser of tliem will invariuijly 
seek the circumference. Moreover, there would be a 
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itioremoDt of Uie muleculcs loniinls tiiat portion of Uio 
viroumference Laving the greatest amount of motion; 
*. «., the equator of the spheroid. For if we are allowed 
to judge from analogy, tlie connexions of the primor- 
dial molecules and atoms would be readily transfer- 
able from one to another, even far more so than in the 
case of gases or Ta|»ors u[>on the Earth. So that Uiese 
developed molecnlos wonld glide slowly over their 
suhjacent neighbors towards tlie more swiftly rotating 
■'t|niitona1 regions. In course of ages a ring of com- 
pound particles would thus aggregate near the equator; 
and, at the same time, the surface development wonld 
be continually progressing, hoth inwards inU* the 
spliere and into greater and greater complexity of sur- 
face structure. As already intimated, there dotis not 
appear tro ])e any reason whatever for assigning any 
particular limit to this development. And it seems 
evident that its unintormpted continuance would cvi-n- 
tnally result in a rigidity of the surface matter, partic- 
ularly at the equator, where the devolojwd structure 
wwild he much the thickest. The rigidity would spread 
slowly from the equator to the poles; the interna! 
development still going on, and t!io equatorial flow of 
compound molecules talcing place on the inside of the 
rigid structure. 

The rigidity, increasing with increasing thicknesa, 
would eventually resist further contraction at the 
tfqufttor; the less rigid polar regions still following the 
contracting body of the sphere, in obedience to its con- 
nexions with thiit body. Hut the rigidity would wm- 
tinually spread towanls the poles, thus grailually form- 
ing a solid ring concave to tho sphere, the concavity 
being filled wiHi jiartially developed original vapor. 

Al this stnge, iir<ibably, n» the sphere contracts its 
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vuiume, a space would be formed between it and ibo 
ring. The molecular connexions lieiween tho two 
would become elongated and refined in the va«t labor- 
atory; their tension, as the sjiat-e widens, being relieved 
by the addition of the gaseous atoms or molecules of 
the sphere. 

96, IiingScparation.~\i seems probable that the 
polar regions, having previously become rigid, but hav- 
ing the weaker crust, would eventually begin slowly to 
fracture and Iwnd inwards owing to the continual strain 
upon their connexions with the sphere ; and at the same 
time the equatorial portion of the ring would slowly 
move outwards owing to its rotation, thus gi-adually 
stretching itself to a greater diameter and depth and 
lessening its thickness. Both the fracture and the ex- 
pansion might at first be extremely slow— far more so 
porhiips than the gradual sinking or elevation of cer- 
tain portions of the Earth which geology brings to 
our notice; and which is generally no greater in 
amount than an inch or two in a century. But the 
process would continue; and in the course of a very 
great lapse of time, the ring would have xeitarated 
wholly from the sphere, save for the inchoate connexion 
or bond of attachment between the two bodies. Before 
the separation of the ring from the sphere, but during 
the process in which the separation culminated, the 
polar regions of the original crust, still adhering to the 
surface of the sphere, would approach more and moro 
towards the equator as the equatorial [wrtion contin- 
ually recedes by the centrifugal tension of tho ring 
itself and the increasing contmction of the sphere. So 
that, at the point of separation, tho ring would ba a 
broaii and flat boily lying in the sphere's equatorial 
plane; in which plane its thickness, would be aboub 
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double the thickness of the original crust ; the greatest 
material thickness of the ring being obviously at its 
outer edge, where the crust was originally the thickest. 

a:. J)i«rupti^n of the liiug Into the Planetary 
/T/rm,— It may chance that some sudden violence of 
the polar fractures of the cnist, as tlio projection 
of the ring proceeds, would cause the collapse of the 
whole equatorial crust, upon itself; — u|K>n itself partly 
liecause the molecular connexions generated in the 
develo|)ed structure of the crust would reasonably be 
much more powerful than the connexions Iwtween 
the criist and the undeveloped sphere; and partly 
for reasons to be noticed farther on. If any violence 
of the polar fractures does not occur to disrupt it 
(which it seems would generally be the case owing to 
the extreme slowness of their occurrence), the ring 
would continue to expjind its circumference diminish- 
ing its depth and thickness; and it might maintain 
its equilibrium in this state for a very long period 
indeed. But obviocisly such expansion could not last 
forever. Evonlnally some irregularity, either in the 
structure or in the expansion, or in both, would suddenly 
destroy its balance; the disruption of the ring would 
quickly ci,;.!!!-, and (owing to the superior strength of 
its own molecular connexions) its substance would 
aggregate into a sphere in some point of its circum- 
terence, 

The ring's connexion with the original sphere, 
which ha^l been continually fabricated and supplied aa 
the separation of the two hoilies proceeded, would fol- 
low the fractured portions of the ring, and Hnally, 
upon the sphGrical formation of the latter, would 
aggregate into a cylindrical bond between the new- 
bom phinot and ltd oarcnt. 
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. CoTTf^orative Ecidenc^s. 

(a) Of Tnitial Solid ijicalioii at the Surface. — Lett! 
here pause for & moment. Some readers raiiy, perhaps, 
snoilo at the novelty of these ideas; and a few may be 
emphatically incredulous. But whttt particular idea in 
tho few foregoing articles is it that can be regaided ns 
really unworthy our credeneei Appai-ently, it lan not 
be the ctjuatorinl flow of the denser molecules, for that 
seems undeniable on the ground of terrestrial analogies. 
It is well known that when bodies of diffei-ent densities 
are mechanically mixed in an enclosed space and then 
causml to rotate with a speed sufficient to overcome 
gravity, their parts having liberty of motion, the 
denser will always move towards the circumference. 
It is true that, if the attraction of gravity were sup- 
posed to operate upon the newly formed molecules, in 
accordance with the law of inverse squares, tlieir equa^ 
torial Sow would not then be indisputable: although, 
indeed, it may be remarked, as illustrating the con- 
fusion to which the assumption of such an attraction 
leads, that the most eminent physicists are by no 
means agreed as to where solidification really would 
begin. "While some (among whom are Sir William 
Thomson, Prof. G. H. Darwin, Newcomh, Hopkins and 
Mallet) hold that it would begin at the center, others 
(among whom are Liebnitz, Descarles, Delaunay, Hen- 
nosly, Scrojw, Bai)biige and Airy) hold that it would 
begin at the surface; and the question still remains 
unsettled. 

In a work by T. M. Eea<le, entitled " The Origin of 
Mountain Ranges," in which ho attacks the theory of 
central solidification, the following quotation is given 
(p. 12B, Note) from Captain Button, of the TTnited 
States Geological Survey; 
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"The line of arguuienl whlcli ia relied upon I* suglain a cool- 
fnf; globr proves, whrn pushed to its consdiuuniiiB, tlial Iha grcul 
luU-'rior of tins Karlh lias Dot, as jH. uodcrgoae nay scosihli; Binotint 
of cooling. The only cooling which tlul argument adnilla of hait 
been locatnl in a tliin external sliell. * * * In Bliurt, thu I'lioling 
would he oDif alciu deep, nhUe tbo nucleus ia as hot ns ever." 

Mr, Herbert Spencer also shows* the rational supe- 
riority of the yicw that liquefaction and solidification 
would first take place upon tho Sun's surface, while its 
internal regions would bo still gaseous. M- Folie 
pointed out before the Paris Academy of Sciences 
(January 3, 18S7) that tlie astronomical considorations 
which led Sir William Thomson and others to the be- 
lief that the Earth was centrally solid, pi-oves, on the 
contrary, beyond doubt, the fluid state of the interior 
of the globe surrounded by a relatively thin outer crust. 
And an eilitorial in TiatuiVfi speaking of tho "sup- 
jtosition made by Sir W, Thomson as to the way in 
which tho Earth cooled," says: "There liavo been 
people bold enough to think that in making this sup- 
position, a great master of physics for once lent his 
name to an hypothesis which isin itself, phy8icalIy,not 
very probable." Yet, of course, the attraction of grav- 
itation is premised by these scientists, while in the 
present work that attraction would he profoundly modL 
fied (diminished) by other circumstances, as will be 
explained more fully farther on. 

A fact which seems to be a general principle of 
matter, and which furnishes a valuable corroboration 
of the position here taken is that, even when subject 
to gravity, matter in the solid form, such aa ice, type, 
metal, iron, ghoss, molted rock and earth, cla., will float 

■In Ik* IToilmlntMfr fUricw for July, IB^i: also lUctm DlKiuii'iiu In 
BtUnre. i<. SIT. 
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upon the B%me matter in a liquid or molten state.* In 
any case, therefore, it is hardly to be doubti-^ that 
solidificutioD from processes !tkin to cooling would bt-gin 
on the surface of a globe and gradually extend down- 
wards. 

(b) Of UlUmate Crust liujidlty. — The ultimate 
rigidity of the crust can hardly be a ground for incre- 
dulity for the reason that we can not assign any proxi- 
mate limit to the molecular development, and because, 
if the ultimate rigidity be denied, no conceivable cause 
can be assigned for the projection of the ring from the 
contracting spheroid (see Art. 70). 

(c) Of ifie Equatorial Cruat Expansion. — It may 
be thought that the circumferential expansion of the 
solid ring away from the sphere's center is a doubtful 
assumption ; but it should be borne in mind that this 
expansion is supposed to take place very slowly and 
gradually, rec[uiring, especially at first, a vast peiiod to 

jijuce scarcely a measurable effect. However small the 
^ugal strain upon the ring, as it is not supposed to 
bunteracted by a central attraction of gravity, and 
fing u]K>n its connexion with the sphere, some yielding 
of that connexion would take place, which would cer- 
tainly have a tendt-ncy to expand the ring. Even though 
the strength of the ring-connexion be quite sufficient at 
first to withstand the centrifugal strain, another con- 
sideration suggests that the strain would gradually 
become more and more powerful, and, falling upon 
the ring-connexion, 7nit3t cause it to elongate. This 
consideration is that the ring and the parent spheroid 
would probably continue to rotate at about llio same 
rate of angular velocity. The parent spheroid, being 
continually cmntnictmg its volume, owing to continual 

•Kalitrt, XVI. S3! Amrr. Jinir. HeL lit. vlll, iSST; Kallut, XXVI. USl 
Socopo. Voleaniioi. i^p. H,m: aitnUtal JCeira, XVIII, 1*1. 
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surface develojimentj would thns continually but grad- 
ually iocroase its angular velocity. A portion of this 
increase of angular velocity would bo transmitted by 
tbe intervening connexion to tLo ring, and the abso- 
lute velocity of tbe latter would thu3 bo increased at 
tlie uljpious expense of the absolute velocity of the 
Rphcriod. It is quite possible that this increase of 
angular velocity of the spheroid would take place contem- 
porjineously with a diminution of its absolute velocity. 
Tbe absolute vclcjciiy of the ring would thus continu- 
ally increase; and the consequent centrifugal tension 
upon it, tranferred gradually through its molecular 
connexions to the ring-connexion, would eventnally 
become so great that that must yield and elongate. 
However, it is undeniable on other grounds that how- 
over rigid a ring of such vast diameter may be, the 
strain, if long continued, wouhl not be without an 
effect. I'rof. Tyndall has shown ns(" Forms of Water ") 
that vast rivers of solid ico actually How in their beds 
or channels. He has measured the motion of the Mor 
de Glace glacier and found it to be quite similar to 
that of water, only much more slow. And there is no 
end of evidence transmitted down from the great Ice 
Age proving the tremendous power of glaciers in 
grinding and iwlishing tbe rocky sides of the valleys 
through which they flowed, and in piling np the vast 
moraines or heaps of detritus which they deposited 
where they terminated in the ocean. The iuQuonce 
that causes the ice to flow is supposed to be that of the 
attraction of gravity, exerted ujion the ice in an almost 
level bed. The power of the strain which causes it 
thus to move nearly horizontally may be very small 
indeed ; but it is unvarying and long-con tinue^l and 
eventually produces very perceptible effects. Yet ice is, 
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in a degree, rigid. It \a not so rigid as some other sub- 
stances; but all forms of mutter appear to be rigid 
only in a degree, and not absolutely so. GIiiss is more 
rigid than ice, and steel is more rigid than glass. But 
even steel is fai' from being perfectly rigid. Sir Wil- 
liam Thomson, states* that if the Earth were as rigid 
as steel, the amount of its yielding to tidal action 
n'ould be about one-third of the tidal effect upon a 
yielding globe. In other words, if tho Earth were a 
globe of solid steel, the effect of tho Moon's atti-action 
upon it would be to raise a tido about twenty-seven 
inches in height. These views are almost generally 
concurred in by other scientists, Prof. J. W. Juddf 
joins in tho belief of Sorope and Darwin, that the 
solid rock masses of the globe under certain conditions 
actually fiimed like viscous lavas; and mentions that 
this belief is fully corroboi-ated by the exporimentaof 
MM, Treeca and Daubi-eo. And if furthorevidonce be 
required, we have it in the actual ecjualorial expansioQ 
of the EartU itself, in precisely tho same manner as 
the planetary ring has been supposed to expand out- 
wanls frani the solar spheroid. The Earth's equatorial 
regions have already expiinded outwards from the cen- 
ter to a distance of 13 miles on every side; and the 
cause which everybody assigns for this extension, is 
nothing else than the Earth's rotation, oven although it 
is supposed at the same time, that the centrifugal ivsi- 
dcncy generated by this rotation, is directly opposed 
by tho vastly more powerful terrestrial attra<:tioQ. 
Therefore, if the Earth's rotation, subject tosuch poiver- 
ful opposition, is supposed to have projected tho equa- 
torial regions away fi-om the center to a distance of 13 



miles, it will hardly be denied that Ihe rotation of tLe 
solar splieroid, with scar.ely any opposition at all, is 
quite cifmble of projecting the solar ring outwards 
from its |>arent into complete isolation and eventual dis- 
ruption. 

(d) Of U\c C<miiec(im 5(w</.— With regard U) the 
assumption of molecular connexions, and especially that 
the molecular connexions may be elongated hy addition 
of atoms or molecules into ptanetarj' connexions, it 
seems, so far, to involve nothing unreasonable. It is 
everywhere admitted, that smne connection exists 
between every portion of matt<?r by means of which 
actions and interactions arc supposed to take place. 
Usually such connection is <iesignated a /J'/rc; but as 
already stated, the very propounders of that force have 
bave been ultimately driven to the belief that the true 
explanation of it will be found to involve .some such 
material mechanism as Is here assumed. 

The inchoate pbinet is huld by its molecular connex- 
ions upon the bosom of the parent sphere. When the 
increasing rigidity of the former and the continual 
(Irvelopment and contraction of the latter, necessitates 
a ;:eparation of the bodies, is it not reasonable that 
these molecular connexions, being thus subjected to 
a gradual strain, would be elongated couformably to 
iti and, as the tension becomes great, that it would 
draw either upon the connexions of the surface mol- 
ecules of tho sphere, or upon these molecules them- 
selves, or n|>on lioth, to relievo the strain by additions 
to the connexion ff Indef^d nothing seems more 
ruasonable. Aa alrt-ady stated tho connexions of de- 
veloped molecules would bo stronger than those of 
atoms or undeveloped molecules; the connexion sub- 
teEuliog butwocn tbv developed crust and the contract- 
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ing spheroid would be stronger than the intepconnexioDB 
of the uoinparativoly uiideveIoi>eJ molecules of the 
spheroid's surface ; and these liist would in turn be 
stronger than the suhjacent aloitiio oonncxions. The 
tension falling slowly upon tiio surface molecules would 
not cause their connexions to sunder because there are 
weaker connexions beneath them. Yet they would 
absorb a portion of the strain, the remainder falling 
upon adjacent molecules still less deve!o]>ed, or perhaps, 
down even upon the primary components. Thus is the 
tension distributed, and evidently the more it is distri- 
buted the less likely is any disjunction to take place. 
The tension falling upon the surface molecules and 
their connexions would slowly absorb some of them 
into the strained connexion, where they would them- 
selves become strained into a new form. These would 
be followed by others and still others, and thus would 
a main connexion be formed between the planet-ring 
and the spheroid. As the ring becomes farther and 
farther removed from the latter, owing to the causes 
already assigned, it seems probable also that connex- 
ions would be formed between adjacent portions of the 
ring itself, which would also sutFer stress by the con- 
tinual ring-expansion. In the final disruption of the 
ring these would accelerate the approach of the dis- 
joined parts to one point. At the same time the cen- 
tral connexion would follow the falling parts, and when 
these parts finally join in forming the spherical planet, " 
the corresponding portions of the connexion would 
naturally coalesce into cylindrical conformity. In all 
this there appears nothing unreasonable or tniprobable; 
indeed, from approximate terrestrial analogies, it seems 
highly probable and likely to have taken place. 

99, Compar'tHon of the Old and Ote New Idtaa.- 
we contrast these views with the current ideas we 
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see them in a still more favorable light. For, accord- 
ing to these ideas, an increase of ahaolute tangential 
velocily of the axial rotation of the spheroid is neces- 
sary to the projection of the ring ; yet no such increase 
of Telocity before or during the ring-period is ration- 
ally assignable (see Arts. 70 and 74). And after the 
ring is precipitated into the planet-sphere it is snpposed 
to be held to the original spheroid bj' means of some 
ivunatfn-{ultfiingaATa\X.ie6.\y unacconntable in its nature, 
in its origin, and in its operation. Even then it became 
necessary to introduce some substance into the inter- 
planetary regions, and so it was imagined that these 
regions were filled with a highly volatile fluid called 
etber. But by what means this ether ciime to occupy 
or abide in these spaces still remains inexplicable. 
This is the present theory, and it does seem that, if we 
oast aside all bias, the compatison of the two theories 
is, so far, not at all unfavorable to the new one. 
100. He^uU^ of the Ring Disruption. 
{a) Loseof Acquired Devdopment. — In the precipita- 
tion of the planetary ring into the spherical form, there 
are several things which rwjuire careful consideration. 
The first of these which we shall notice is that, in gen- 
eral, all the development of the ring would be lost in its 
collapse,Eo that the resulting planet would be in the 
same state of vapor as the original spheroid. We are 
impelled to this conclusion by the consideration that, 
if a very little development was preserved by each new- 
born planet more than was possessed by its parental 
sphere at its birlh, then, obviously, in a vast number of 
generations, the structure of a new-horn planet would 
be liighly developed, and as the original spheroid of 
nrsytttem may 'wsaXl have been the descendant of many 
jencrations, and as that spheroid is supmwicd 
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in the |M-emisDs to be in a utato of extremely rare and 
nearly homogeneous vapor, it appears that no other 
conclusion is admissible. Moreover, the conclusion is 
far from being improbable. The vast nias& of solid 
matter in the ring, and the vast distances through which 
the greater portions of this mass would fall, must 
engender an amount of heat quite sulBcient, in accord- 
ance with the estimates of prominent physicists, to 
reduce the colliding masses to their primordial state. 

(i) Axial notation of the Planet. — A second result 
to be considered, which arises from the precipitation of 
the ring, is the nxiaL rotation of the resulting planet. 
In the premises has beon aocorded to the original 
spheroid of our system some axial rotation, and it is 
obvious that this rotation would be imparted to tho 
ring at the time of its gradual separation from the 
spheroid, and, after its disruption, changed into the 
planet's orbital motion. 

Now, in the ring-collapse, ono portion of tho ring 
would move with this original motion, and the other 
portion would move agai^ist il, towards the point of 
aggregation. Tlie portion moving wUh tho original 
rotation would therefore have a greater absolute veloc- 
ity around tho spheroid than the others. This greater 
velocity, owing to the increased centrifugid tendency 
which it generates, would cause this portion to mora 
farther oulwanls from the spheroid than the other, ao 
that while the one part would approach the central 
point of aggregation upon the rmtside of that point, 
the other, owing to diminished absolute velocity, and 
consequently diminished centrifugal tendency, woold 
appro.ich it from the op|>o3ii6 direction upon the trmt^ 
the obvious result of which would l)e an axial rotation 
of the planet in the same general direction as the rotlt- 
tion of tho original spheroid. 
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(c) Recestton ofVte Panti. — It seems probable that, 
the/(i/V»nsr velocity of both parts of tbo ring, especially 
when near the point of aggregation, wouU be mnch 
greater than the velocity of the original rotation ; in 
wbicb case the planet woald be bodily cjinled outwards 
to a considerably greater distance from the center of 
the spliennd than that of the ring just prior to its dis- 
ruption. The connexion of the planet being highly 
oliistic and capable of adding to its length, as already 
indicated, would [Hsrmit such removal, but would also 
slowly hinder it, and finally overcome it. This subject 
will be further alluded to in the next section of this 
article. 

((/) Cmme of the Different Absolute VelMtties of 
tfte Planets Oihital Motioti, and of the Rotation of the 
A^/wrw'</.— This seems to be a fitting place for inquiring 
into the causes of the dilTerence between the absolute 
orbital velocity of the planet and the absolute equatorial 
velocity of rotation of the spheroid. In other words, 
howisit that the ab.solute orbiUI velocity of Neptune is 
about three miles per second, while the absolute rota- 
tional velocity of the Son's equator, even now, after the 
repeated accelerations which, as we shall shortly see, 
would take place in the several ring precipitations 
which have taken place since Neptune's time, is only a 
little more than one mile per second! and this when 
it is taught by the new theory that it is the rotational 
velocity of the Sun frort which Neptune's orbital velocity 
has been derived. In answering tliLs question, the first 
thing to be noticed is that the planet-ring, just at the 
point of sejNiration from the Sim, would probabW have 
the some angular rate of rotation an the other portions 
of the Sun, owing to the friction of the cniiit with the 
tutornal nobtr sul^tanoo; and, being a broad, flat body, 
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this would involve a miicli greiiter absolute velocity of 
the ring tliiin of tlic equatorial Rurfitce. wbicii it loaves 
betiintl. A second thing to be notice<) is that the 
connexion of llie ring with the Sun. being gpossor in 
ita I'iirlicr Ht:ige, would tend to maintain the suime 
angular rate of the ring and the Sun for a considerable 
time after tlie separation, Wliat absolute velocity the 
ring would gain by tliis means would obviously be lost 
by the Sun ; and thus would the absohiti! velocity of 
the ring, ooni|iaret] with that of tho Sun, be doubly 
increased, the increased velocity of tlie ring being, of 
course, transmitlted to the subsequent planet. 

In this greater absolute velocity of the ring we 
have a further cause of the recession of the planet ; for 
the centrifugal tendency which the ring possessed just 
prior to its disruption wonld be greater than the elaa- 
ticity of the connective bond could withstand after 
the spherical aggregation of the ring. Before tho 
breaking up of the ring, the cohesive strength of the 
ring-substance would withstand a considerable portion 
of the centrifugal strain. After this cohesive strength 
was destroyed, the entire strain would fall upon the 
newly-formed planetary bond, which consequently 
would very probably yield, permitting the planet to 
move outwards until the centrifugal strain and the 
elasticity of the connexion were balanced. 

(e) Iticrcaaed Ax-ial Rotation of the Sun. — Another 
thing to be noticed in the ring-disruption, is an in 
created axial rotation of the Sun, For, as already 
stated, one part of the ring hasamuch greater absolute 
VL'locity with respect to the Sun's center than the other. 
Owing to this greater velocity, its connexion would bo 
in greater tension, and this tension would be transmit- 
ted to the surCuc; molecules of the Sun ; pulling them 
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in the direction in which that portion of the ring was 
moving. Since the opposite portion of the ring has a 
smaller absolate velocity, the stmin of its connexion 
upon the Sun's surfiice would be correspondingly weak; 
and so would not Imlance the greater strain u}H>n the 
other side. And tlie obvious consequence wouUi be an 
increase of the Sun's absolute rotatory velocity. 

Here, then, is a very simple explanation of a pho- 
nomenon hitherto inexplicable. We now find a cause 
for the greater absolute velocity of the inner planets tts 
compared with the outer, which the theory of gravita- 
tarion is incapable of furnishing. For the force of 
gravity is supposed to act with precisely equal strcngih 
whether it acts upon another body or not. One liody 
is sup|iosed to attract another directly as its mass, and 
inversely as thesiguare of the distance between them. 
It is true that, in conformity with this theory, the re- 
ceding portion of the ring would attract the Sun ; hut 
its rei'essuni, instead of increasing the strain upon the 
Sun's surface, would diminish it. While, upon the 
other side of the Sun, the slow moving portion would 
be the nearer, and so its attraction or strain ujwn that 
side would be the greater. Thus in accordance with 
the theory of gravitation, if any variation whatever of 
the Sun's rotation would take place, it would be in the 
direction of retarding, rather than accelerating, that 
rotation. 

if) Oriffin of Comett^ Meteorites, Etc. — Yet another 
thing to be notioed in the disruption of the ring, is the 
origin of comets, planetoids, and meteorites. In the 
light of the new theory, the comets and meteonles are 
nothing els<) than fnigments of the planet-ring, which 
hx some irregularity in the tremendous crash, are 
hurled outwards with such violence as to break tbo 
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connexions, both with the Siin and the new-born planet ; 
whence they will wander through space until their 
career has been arrested by collision with some other 
sun or planet. This together with the various pecult- 
aritiesof comets, will he more fully discuased further on, 

101. Ociieds of aSectmd PltDwt. — The surface of the 
Sun would still continue to contract in volume and to 
tiovolop in structure as before, with the exception of 
the single cironmstanco of beingsubjcottotheinSuenoe 
of the planet's connexion. The effect of this circum- 
stance, however, would probably lie nothing more ia 
this resjiect than slightly to hasten the equatorial moTe- 
ment of the developed molecules. The same progressive 
steps as before would ensue, the same structural devel- 
opment, the same ring-formation with its evolving con- 
nexion, the same polar fractures and equatorial exian- 
sion of the ring, the same eventual disruption gener- 
ating the now axial rotation and again increasing that 
of the Sun. And thus, as a result of almost an eternity 
of evolution, comes the final dissolution; and out of 
the dissolution arises a second new-born planet, with 
perhaps a comet or two and a shoal of meteorites. As 
the second planet-ring became separated from the Sun, 
different parts of it would be temporarily in the con- 
nexion of the first planet, serving, for the time, as a 
part of that connexion; and the two connexions ming- 
ling together between the ring and the Sun. In the 
collapse of the ring, its own connexion would follow it 
to the point of aggregation ; the connexion of the first 
planet Joining behind the falling portions of the ring, 
and so remaining intact. 

103, Oencain if a S<'Cfindanj C'tnttfteion. — But the 
connexion of the first planet would not aU stay behind 
the precipitating ring. A part of it, it is reasonable to 
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suppose, would adbere to the ring-substance and ivould 
form a connexion l>etween the two planets. This sec- 
onilarv connexion quite probably would differ materially 
from the primary connexion with the Sun in being 
more refined and rarer, agreeable to the functions it — 
or rather the rumainder of the connexion — is required 
to pepform. In support of this difference in the nature 
of the two connexions, it may be urged in the first 
place that the Sun, being by far the greater mass, would 
naturally claim the greater share of the first planet's 
connexion; whence the share falling to the second 
planet would be comparatively attenuated. And in 
the second place, those portions of the connexion which 
perforin the office of holding the first planet in its 
orbit,and tninsmitling to it heat and light, may reason- 
ably be supjiosed to be sufficiently fixed in that office 
to resist removal ; so that the less necessary, or the 
unnecessary (that is, the less gross, or more volatile), 
portion only of the first connexion would fall to the 
second planet. 

103. Mut^ial PUmetary Accelerations and lieiarda- 
tion«. — Owing partly to the increase of the Sun's axial 
rotation in the breaking up of the first ring, the orbital 
periods of the two planets would differ; that of the 
inner being the shorter. The inner planet would, tliere- 
foro, move away from the first planet between conjunc- 
tion and opposition, and would approach it between 
opposition and conjunction. The interplanetary con- 
nexion would therefore be subjected to a long-contin- 
ued tension ; the substance for its elongation being sup- 
plied from the atmospheres of lM)th planets. Evidently 
when the connexion between the two planets is thus 
stminiMl, the onter planet would be accelerated, and 
the inner planet retarded. But after opposition, the 
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reverse would occar; for whatever resistance was 
offered by the atmospheric molecules in elongating tba 
connexion may be supposeil to be compensated by thotr 
mutual atnnity when thu tension is remove<l. So that 
the acceleration and the retardation of each pUQ< 
would be appi-oximately equal. 

104. S'/stemiG Complaeltij.~~Y.a,c\\ planet being at 
its birth a globe of vapor, similar in all respects except 
magnitude to the original solar spberoid. would coD- 
tract its volume b^' surface development and pass 
through the same generative stages as the parent ; tlio 
eventual result of which would be the birih of satel- 
lites in tbe same manner as the planets. Tlie satellites 
would be connected primarily with the planets and 
secomianly with tbe Sun; and the action of the i 
ondary connexions upon the satellites would be similar 
to, though somewhat less in magnitude, than their 
action in the case of the planets. 

It seems unnecessary in this place to follow the 
details of the genesis of each of the other planets and 
satellites. The generating process of each planet is. 
but a repetition of tbe steps involved in the generation 
of its predecessors, with the exception of an increasing 
complexity of interplanetary connexion;?, as every suc- 
ceeding planet would be connected with every preced- 
ing one. This complexity becomes mazelikc, even if 
there were no greater number of connected bodies than 
is comprised in tbe Solar System at its present stage. 
But if we consider tliat our Sun is but a planet of a 
still greater system, having its own proper connexions 
with its sun and its sister planets — nay, wh«n we con- 
sider, as according to the new theory we must, that 
our Sun is hut a satellite — a satellite of tlio tenth or- 
twelfth order of descent from a grand hut 7astly 
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rotnole parent ; when we consider the vaat number of 
other Guns, planets, and satellites necossarialy inrolved 
between us and that parent, with each of which our 
own little world isquite probably connected— truly the 
highly intricate plexus of connexions thus approxi- 
mately indicated is apparently not very far remoreti 
from the old universal ether after all. But there is 
this difference: there is a system in the former, while 
the latter is a mere chaotic homogeneity ; an important 
distinction, and perhaps leading to important results. 

It would be equally impossible and unnecessary for 
us to trace out all the connexions involved in our sys- 
tem and their various effects njmn each other, and upon 
the bodies they connect. Il seems that if the moving 
equilibrium of any three bodies can be demonstra- 
ted to be stable U[H>n this connective theory, that of 
a greater nnmlier need not perhaps be considered. For 
the addition of a fourth, or a fifth, or any numl>er of 
other Iwiilies in areyular m,anner, while increasing the 
complexity, apparently involves no new or greater 
diflicnity than is found in the simple system of three 
bodies. The grand Complexity seems to be but a rep- 
etition and combination of simple unities compounded 
and recompounded in time, in space, and in motion. 

When a planet, or a satellite would infringe upon 
some other connexion than \\s own. the latter would 
part its molecular attachments and fix them upon 
the entering body. During the passage, the latter 
would practically form a part of the connexion ; and 
when the body would pas.s out of it, the molecules of 
the connexion, following its contour ami successively 
attaching themselves to the different portions, would 
finally dose up behind it and unite together as l>efore. 
The connexion of the one body would pass throiigli that 
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of the other much upon the sainc jmriciplc except that 
<)f the lateral molecular connexions of both planetary 
bonds, instead of the longitudinal molecular connexions 
of one only, would part, those of each to ndmit the 
longitudinal connexions of the other; thesti lateral 
connexions joining together after the passage in the 
same manner na the longitudinal connexions daring 
tiie passage through them of a heavenly body. 
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105. T/te Original Sidereal Sphermd.— If the 
solar spheroid with which we started, instead of being 
regarded as the parent of the Solar System, were con- 
sidered as the parent of the Sidereal System, still the 
same premises would apply, and the same results of the 
process of subdivision or segregation, would evidently 
be arrived at. Planet after planet would bo continually 
given out from the spheroid in the equatorial plane 
of its rotation, its still remaining nucleus constituting 
the center around which all these bodies revolve. 
Each of these grander planets would in their turn give 
forth sub-planets and constitute a sub system of which 
the still remaining nucleus of the planet would be the 
immediate governing center. Each sub-planet in turn 
would subdivide in a similar manner, the sub-<Ii visions 
of which would filso become tiie centers of a still 
inferior order. And so on down to the present stngfe. 
In corrubonition of this, we observe that the bmlies of 
the Sidereal Systen nre distributi'il prinfi[inlly in onw 
plane, that of the Milky Way, which would iblu 
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determined as the equatorial plane of the Sidereal Sys- 
tem; this, it may be added, being also quite in accord- 
ance with the views of nearly all eminent philosoptiers 
and astronomers. And in still further corroboration, 
we observe that the greatest degree of subdivision, as 
munifested in the nebulae, has taken place in the peri- 
pheral parts of the Siderai System, in the older sub- 
systems just where we should reasonably look for it. 

106. Th4 Sidereal System and What It Includes.— It 
has been thought probable by many astronomers that 
the nebulse are other galaxies, or sidereal systems, at 
distances proportionately as great from ours as the 
distances of the tixed stars are greater than the plan- 
etary distances. And they were not unnaturally led to 
this view; for, {^zitig at these nebula), they looked 
through and beyond the countless stars of the Jfilky 
Way, and they saw nothing beyond them but the 
perfect blackness of the heavens. But the nebulsa, 
though probably beyond the visible stars of our 
galaxy, can hardly be at such almost inlinite distances 
beyond them as bas been supposed. For if the dis- 
tance of the nebulae from the Sidereal System were 
about a million times that uf the lixed stars from us, 
as the above supposition implies, it would inevitably 
follow that the telescopic power required to resolve 
these remote galaxies into stars must be incomparably 
greater than that required lo resolve our own galaxy 
into stars. But this is not the case, as it is well-known 
that the same telescopic power by which many of the 
stars certainly belonging to our own galaxy are barely 
visible, will clearly resolve many of the nebula; into 
distinct and separate stirs. And it seems far more 
reasonable to suppfae tlml the stars of our own gaUixy 
and the starlets of the nebula^ both of wbich are barely 
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(liatxjpnible separately in the most powerful tclesoo^^^ 
are both about the same distunce from us, than to sup- 
pose that the starlets of the nebulae are oaoh a million 
times greater in volume than the stars of the Siderettl 
System. 

It is not here contended that there are no other 
galaxies or Qrmaments beyond our own, but only that 
if such really exist, they must be invisible to us, owing 
to the remoteness of our relationship to them and to 
tlieir immense distance from us. From the present 
state of our knowledge it seems nothing less than pre- 
sumption either to assert the existence of other firraa- 
ments than ours, or to deny that our firmament may 
even be a constituent atom of an eye beholding but a 
tit'tle of the Cosmos. 

107, Arrangement of the Sidereal A'y«tewi.— Accord- 
ing to the telescopic researches of Sir William llerschel, 
our little world is situated nearly in the plane of the 
Gralactic Circle which passes through the Milky Way, 
but somewhat eccentrically, being apparently nearer to 
the southern than to the nortliorn portion of that circle. 
In, or very nearly in, this plane, which differs only 
about iO^ from that of the Solar System, the vast 
majority of the heavenly bodies lies ; and, as we recede 
from it, the number of stars in eijual areas of the sky 
rapidly diminishes up to the Galactic Poles. Had the 
evolution of every successive body of the Sidereal Sys- 
tem been regular, all the stars and planets, according 
to the new theory, would lie in this plane. But as the 
evolution of the bodies in the Solar System lias not 
all been regular, the motions of some of them being at 
very great inclinations to the plane of the Sun's equa- 
r^tor, it might reasonably be expected that the same 
regularities would occur in the Sidereal System m 
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the same piupurtioii. The stars whicli we observe in 
high galactic latitudes furnish therefore no greater 
objection to the common origin of all thtj bodies of our 
firmament than tlie great inclinations of the orbit 
pianos of the satellites of Keplune and Uranus furnish 
to the common origin of all the bodies of the Solar 
System. 

108. Dark Bodies of Uve Siderml System.— It 
may be incidentally remarked that, although apparently 
numberless, the visible bodies of our firmament are in 
all probability few compared with the numbers of those, 
e<]ually iarge,'vhich ant totally invisible to us. Beyond 
the puny limits of our own Solar System, we observe, 
even with tlie most powerful telescopes, probably none 
but incandescent bo<lies shining by their own proiier 
light. Around many of them and receiving their light 
and heat, are revolving other bodies which of them- 
selves give forth no light, just as we find the dark 
planets circling our own Sun. Occasionally, indeed, we 
observe planets revolving round their primaries, as in 
the cases of periodic, binary, and multiple stars (of 
which more farther on); but those planets themselves 
are thtioretical ly of recent origin and in an incandes- 
cent state. As not more than two or three such may 
reasonably be supposed to exist among the many dark 
bodies of the Solar System, we may safely presume 
that in simillar systems a similar state of things pre- 
vails. And even in the systems in which the incandes- 
cent planets are observed, it is quite probable that Ihey 
are not always unaccompanied by more developii! sister 
planets. 

109. Probable nttviber of the Ueavimly Botlif^. 
ami qf Tfmr Sucoeaaive Oenerations. — To gain some idea 
of the number of successive genentlions of h€^ave^ly 
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Iiodii'S which would havo Uiken place from the original 
Bphproid of tho Sidureal System down to the present 
tiTiie, let us assume Unit heavenly bodies of all magni- 
tudes are eqiuNy proHGc ; ^^ <;., that suns, planets, satvl- 
iitos, etc., have in the average (to use a familiar phrase) 
the same period of gestation. The actual number of 
stars visible to the naked eye, including all down to the 
Tlh magnitude, is about 6,000; and the number teles- 
copicalty visible down to the 13th magnitude is about 
43,000,000. Let us put the whole number of beavesly 
iKMlies, from those of the first magnitude down to those 
which are barely visible in the most powerful telescopes, 
both inclusive, at one billion ; and let as further suppose 
that the number of dark bodies in the Sidereal System 
which are wholly invisible to us, is about ten times as 
great as the number we observe; and finnlly to the sura 
thus obtained, let us add for accidental contingencies, 
enough to make one hundred billions, and call this the 
number of bodies regularly derived, (excluding meteor- 
ites and most comets, which are not supposed togeuenite 
new bodies) of which the Sidereal System now consists. 
From these various facts and assumptions it follow 
that the number of generations from the primordin) 
spheroid of the Sidereal System down to the present 
time, is only about thirty-three; a generation in this 
case being the time elapsing between the birth of 
heavenly body and the birth of the next heavenly body 
from the same parent. In the following table, let S 
represent the primordial spheroid of the Sidereal Sy&-' 
tem, and let the horiKontal columns represent the orders 
of descent of the heavenly bodies and the diagonal 
columns, the orders of their generations in time ; then 
the figures in these columns will denote the number of 
bodies of each order of descent, in each order of time 
down to the IStb. 
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In the tirst oi-der of time, the spheroid would fiivo 
birth to oiio bwly of the fii-st order of descent. In the 
seuond order of lime, tho latter would give birth to one 
body of tlie second ordur of descent, and the spheroid 
would give birth to another body of the first order of 
descent. In the third oi'der of time, tliere would ijo one 
body of the first order of descent from tlie spheroid, two 
botlies of the second order of descent from the two 
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[nuviously existing bodies of the 6rBt order of descent, 
and one botly of the third order of descent from the 
previously existing boily of the second order of descent. 
And so on ; the number of tho bodies of the varii.ns 
ordwrs of descent, in any order of time, forming the 
co-efficients of thti terms of a simple algebraic binomial, 
raised to a pnwcr denoted by thi? nmnbi-r jossoncof thiit 
order. Thus tbv auiuber of the bodies of the various 
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unlers of descent, from the lirst to the seventh inclusive, 
in the seventh order of time, are 1, (1, 15, 20, 15, C, 1, 
respectively; these numbers being also the co-efBcieiits 
of the respective terms of {a + b)' fully expanded. 
We also observe that the number of bodies of all 
orders of descent, in any onier of time, is just twice 
the number in the preceding order of time; so that the 
sums of all new bodies in each successive order of time, 
form the terms of a geometrical progression of which 
ilie ratio is 2. And finding the sum of 33 terms of such 
a series, the first term being one, we have a number 
larger nearly by half than the number of bodies of 
which we assumed the Sideretil System to consist. 

It would follow from this consideration, then, that 
the Sidereal System is composed of some thirty-two or 
three consecutive systems ; and also that the Solar Sys- 
tem, if its original spheroid was regularly derived from 
the primoi-dial spheroid of the Sidereal System, (as 
seems very probable in comimrison with the sup{)osi Lion 
of its being a comet), and supposing Neptune to be its 
first planet, and I lie Asteroids temporally equivalent to 
another planet — would probably, from its nearly cen- 
tral position, be a member of the tenth of these consecu- 
tive systems from the sidereal center. This, however, 
is only a first approximation. Several of the assump- 
tions on which it is based may be wide of the actual 
facts. 

110. Tilt Origin of Motioti. — ^Of course axial rota- 
tion and orbital revolution, if premised in tho original 
system, would obviously, according to this theory, he 
charactenstio of each successive system, from the fii'st 
down. But the origin of rotation in the primordial 
system of tho entire Cosmos is, to say the least, very 
di^cult to conceive ; not indeed for the want of a 
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oauso uf rotntiuri, but for the want of a metiiis of 
radiating away tbe surface heat of tlie spheroid, sup- 
posing it to bo tiie primordiaJ one of the wiiulo 
universe, and its surface constituting the utmost bounds 
of all matter. If such a means of radiation be assumed 
or conceiled, then contraction of the spheroid would 
follow ; which, in the absence of rotation, would result 
eventually in a hollow shell, instead of the equatorial 
ring resulting from rotation, In the eventual collapse 
of this shell, it is reasonable that some irregularity 
of its structure would determine a preponderance of 
momentum of a portion at least in some particular 
direction; in which direction that portion would be 
constrained to rotate, owin^ to the causes alreudy as- 
signed. [See Art. 100 (c).] 



CHAPTER m. 
COSMICAL GRAVITATION. 

111. J%e-Bait-afid-fij'rirtff llijjwthesis. — After this 
rapid general survey of cosmical and systemic evolution, 
we may now proceed to the consideration of that 
evolution more in detail, and observe what corrobora- 
tive or contradictory evidence the new tlieory meets 
with in the various phenomena involved. 

Of the first imjwrtance in this direction is the phe- 
nomena of oosmical gravitation and a comparison of 
the action of the planetary connexions in producing 
these phenomena with that of the force of gravity. 
The theory of gravitation is by no means a flimsy one 
which may bo lightly considered and passeii over. The 
attraction by means of which iMidiea fall to the Earth's 
surface, when extended outwarda \» \)Qft ^(iwft. xs*. 
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accordance with the kw of inverse squares, almost 
exactly accounts for the fa.ll of that body towards the 
Earth in each second of time. If the Earth's surface 
attraction he extended outwards to the Sun in the 
same manner and then compared with that of the Sun 
upon the Earth, it is found that the effect of the latter 
is some 328,uOO times more powerful than the former. 
And when this value of the Sun's attraction is similarly 
extended from the Sun outwards to each planet of the 
Solar System successively, it is found to account for 
the fall of these hodies in each second with the same 
exactness that the Earth's attraction accounts for that 
of the Moon. Here is a basis for the theory of gravi- 
tation, the apparent sohdity and strength of which 
seems to be completely impregnable; and truly it is not 
to be wondered at that the intellect of a Newton should 
place great rehance upon it. But that he did not plac« 
as great reliance upon it as some of his recent disciples 
do, sufficiently appears from the fact that he regarded 
it as the greatest of absurdities to imagine " that one 
body might act upon another through a vacuum with- 
out the mediation of anything else by and tlirough 
which their action and force may be conveyed from 
one to another." And Sir William Tliomson says that 
we must be temporarily satisGed to explain capillary 
attraction as intensified Newtonian attraction "yntil 
wo see how gravity itself is to be esplained as Newton 
and Fai"aday thought it must be explained, by some 
continuous action of intervening or surrounding mat- 
ter."* It is this continuous action of surrounding and 
allpervading matter which constitutes the essential 
feature of the new theory we are now considering; and 
the wider operations of which we are now to examine 
more closely. 

'JfiUure, XJUiVf.Kl. 
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But how can the phenomena, which so strongly cor- 
roborate the theory of gravitation, be accounted for on 
the basis of the material connexions which the new 
theory postulates? How can this material medium 
explain the fact that the fall per second of every bod}', 
belonging to any particular system, is related to that 
of any other body of the same system in the precise 
ratio of their square distance reciprocals ? that, in fact, 
in any particular system, the fall per second of each 
of its members towards the oenterof motion, maybe 
regarded as a uniform function of the distance from 
the center? Yet, strange as it may at a first glance ap- 
pear, the material cord which, according to the con- 
nective theory, joins the planet to its primary and • 
causes the former to fall towards the latter, involves 
exactly the same distance-function of that fall that 
is involved in the theory of gravitation. 

" What there is between the sun and the planets 
that makes each of them pall the other, Newton did 
not know ; nobody knows to this day, and all we are 
now able to assert positively is that the Known motion 
of the planet is precisely what would be produced if it 
were fastened to the sun by an elastic string, having a 
certain law of elasticity. Now observe the nature of 
this discovery, the greatest in its consequences that has 
ever yet been made in phj'sical science: — 

" I, It begins with an hypothesis, by supi>osing 
that there is an analogy between the motion of a 
planet and the motion of a ball at the end of a string. 

"11. Science becomes independent of the hypoth- 
esis, for we merely use it to investigate the properties 
of the motion, and do not trouble ourselves further 
about the canse of it." * May it not be, indeed, that 
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science has become too independent of the hypotheeis — I 
that, in fact, it might be woU for it to trouble itself I 
with an earnest and humble inquiry into the real oper- [ 
ation of this ball-and-string tiieory \ The elastic string, 
by the new theory, is the primary connexion of tiie j 
planet, and the law of its elasticity we niay now pro I 
ceed to investigate, 

1 12. The Factors of Coamical Gravitation. — It may j 
be regarded as axiomatic that the strength of the I 
various primary connexions would vary with the dif- 
ferent circumstances attending their evolution. It may ' 
be well to consider the most important of these, whether I 
they may be found to affect the strength of the con- 
nexion or not. These circumstances are: («), the rota- J 
tional velocity of the primary body; (J), the structural i 
development of the connexion, and (c), the density of j 
the connective atmosphere upon the surface of the pri- 
mary body. 

(a) Rotational VeJ^ty of the Primary Body. — 
This factor would have the least value in the case of I 
the first planet of a system, and would gradually I 
increase in value for each subsequent planet, as already J 
shown (Art. 100, e). While the planet-ring was extend- 
ing outwards from the primary body, and the primary I 
connexion was forming between the two, the extra j 
strain which the greater rotational velocity involves in [ 
the inner or more subsequent ring-formations would I 
produce some effect, either upon the connexion or the 1 
ring itself. But here we must bear in mind that the I 
ring is a solid body firmly held together by molecular I 
attraction or cohesion. This cohesion would evidently 1 
be more powerful than the centrifugal tendency of the I 
greater rotational velocity of the ring, at least until I 
the jilanet was formed and the connexion matured. ' 
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In fact, the cohesive attraction and the centrifugal 
tendency would be directly opposed to one imotlier; 
ami il would aeem that the former would receive the 
full brunt of the latter, so that the forming connexion 
wijuld be left unaffected by this cause. The sole 
etrect of this factor, therefore, would appear to be to 
hasten the expansion of the ring, and so diminish the 
generative planetary period. So that, so far as the 
rotational factor is concerned one planetary connexion 
would appear to differ in no respect from another. 

(i) 77m! Strtiictural Development of the Vonnexiont. 
^For the consideration of this factor, we may take the 
case of the Earth and the Moon. When the Earth was 
in the first stage of its planetary existence as a globe 
of fiery vapor, not only would its surface lie vastly 
enlarged, in comparison with its present surface, but 
all its present surface development wouM be wanting. 
Kothing but the primordial vapor existed on its sur- 
face, and this in the full and fiercest energy of its 
molecular heat-raotion. Can we, then, avoid the belief 
that the structural development of the surrounding 
connective atmosphere would correspond to that of the 
Earth*s surface at that time? And does it not seem 
equally probable that, as the development of the 
Earth's surface advanced, the development of the con- 
nective atmosphere would advance correspondingly ? 
Acconiing to this view, then, the Earth's connective 
atmosphere Would increase in development as the Earth 
contnicted. 

This is not the proper place to show kiiw the greater 
central development of the Earth's connective atmos- 
phere would cause bodies to fall towards the center; 
it Iielongs to a more adi'anced stage of cosmical evolu- 
tion, tint, withuiil showing. tliH actual niochum^m v><. 
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that movement, it seems tolerably evident that a body 
jiossGMsing a certain degree of molecular development 
Would be moved (by means of its secondary molecular 
coDDexiong or connecting-i'ods with the molecules of 
tlie connective aLmospIiere) in that direction in which 
the atmospheric molecular motions were most in har- 
mony with its own. Now, as the Earth contracts in 
volume subsequently to the formation of the Moon, and 
its surface development proceeds, the Moon's connexion 
must be elongated or spun out over the interval which 
the £urth has contracted: and, as the connective atmos- 
phere itself undoubtedly furnishes the material for this 
ehmgatinn, it clearly follows that the connexion would 
be possessed of the same structural development at every 
successive stage as the Earth's connective atmosphere. 
Here, then, is a circumstance that would modify a 
planetary connexion so as to enable it to act in a man- 
ner similar in a small degree to that prescril>ed by tbe 
law of inverse sipiares. But, on the other hand, it does 
not account for the distance variation of the planetary 
falls per second ; for the reason that each planetary 
connexion would be an almost exact repetition of its 
predecessors in this respect. The primary body imme* 
diately after the birth of each successive planet would 
obviously be in the same state of surface development. 
About the same degree of development would hcget the 
]ilanetarv ring in each case, and the ring would in every 
case appi-opriate the developed crust of the primary 
down to the same degree of development. So that after 
each ring-separation the remaining degree of develop- 
ment of the primary would be about the same. And 
HO the crust development nf the primary and the cor- 
responding devidopment of its connective atmosphere 
would he similar in kind and degree after the birth of 
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each planet. Therefore, whilu this factor applies to an 
individual connexion, modifying it in time in accordance 
with the varying structunil development to which it is 
subject, it does not apply to two connexions so that the 
one will differ in any degree from the other. Indeed, 
it may be objected, perhaps, that even in the case of a 
single connexion, the varying structural development 
of the primary crust would fail to produce a mensur- 
able change of the structural development of the con- 
nective atmosphere. For, subjected to the most intense 
process of destruction which man can produce, the 
function of the connective "atmosphere now upon the 
Earth's surface, and which, according to these views, 
would now be highly developed, remains precisely the 
same as under ordinary circumstances. A body appears 
to weigh none the less when cast into the fiercest 
furnace, although the connective atmosphere surround- 
ing it at that time is subjected to a very intense degree 
of heat. 

Rut in answer to this objection it may be remarked 
that the puny furnaces of man are quite incomparable 
to the vast and grand catastrophes of nature. The 
greatest and fiercest conflagration possible with man 
would scarcely be a drop in the ocean of the Earth's 
connective atmosphere; so that the structural develop- 
ment of so minute a portion of it as would thus ije 
atfected by our fires might easily be sustained by that 
of tlie general atmosphere surrounding it ; whose molec- 
ular motions we know are capable of being transmiltod 
nearly 2<i0,n00 miles in a single second of time. If the 
entire surfact' of the Earth were simultaneously subjected 
to an intense degree of heat the efi'ect of which would 
extend for thousands of miles beyond the surface, then 
we should have Kometliing comparable to the o^\^- 
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tions of natarc; and which in all probability would 
diminish, in a degree, tlie weight of every body sub- 
jected to it. The nearest we can approach an instance, 
wherein the whole of a body's connective atmosphere 
would be affected, is by way of analogy. A magnet, 
if subjected to a certain degree of beat, loses its power 
of attraction in a degree ; and even, if the heat be suffi- 
ciently intense, will lose that power wholly. Yet, 
without undertaking here to prove that the connectivp 
atmospheres of the magnet and of the Earth are exactly 
similar with respect to the mechanism of tlieir function 
of attraction, it seems tolerably plain that the loss of 
that function in the heated magnet is due to tlie 
destruction of some such molecular arrangement or 
development, as, in the case of its larger analogae, 
the now theory implies. 

But still the action of the planetary connexions as 
a whole exhibit no trace of conformity to the law of 
inverse distance squares upon which the theory of 
gi-avitation fundamentally rests. There is yet remain- 
ing, however, a circumstance which, as we shall now 
see, fully harmonizes the action of the connexions with 
that law. 

(c) The Density/ of the Connective Atmosphere 
upon th« fhirfnoe of the Primary Body. — Let us in 
imagination extend the volume of the Sun ontwards 
again to its priniortHal limits, or nearly to Neptune's 
orbit. The Sun's surface would thus <if course be 
vastly enlarged ; and it is equally obvious that the denft- 
ity of the solar connective atmosphere \\\^n\ that aar- 
fnce would diminish in the precise ratio that the surface 
increased. It is also an elementary geometrical truth> 
that tlie surface of the Sun would vary in the direct 
ratio of the sqnare of its dixtancc hora Uic Sun's oen< 
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ter. From all of wbich it manifestly follows tbal the 
density of the connective atmosphere u()on the Sun's 
surface va,ries inversely as the square of the distance 
from the Sun's center; or iireciseiy in accordance with 
the distribution of the supposed force of gravity in the 
theory of gravitation. 

Let us suppose now that the Sun haa contracted in 
volume, that a developed crust has been formed, and 
that this crust is about to separate from tlie Sun to 
form the Neptune-ring. The inchoate planetary con- 
nexion would be evolved out of the Sun's connective 
atmosphere, which at that time possessed a certain 
degree of density; and it seems very evident that the 
density of the forming connexion would bo similar to, 
or at least modified in conformity with, that of the con- 
nective atmosphere out of which it was spun. It seems 
unquestionable, Trom the view which we are now able 
to take, that the connexion would be evolved out of 
the connectiveatmosphere of tbe primary l»ody. And 
since the centrifugal tendency of the ring's rotation 
affects the forming connexion to a merely infinitesimal 
degree, if at all, being primarily directed against the 
cohesive attraction of the ring itself and bringing 
about its eventual rupture — no conceivable reason seems 
assignable why the density of the connexion should be 
either greater or less than that of the material out of 
which it is formed. From which it clearly follows that 
the primary connexion of the planet Neptune, or so 
ranch of it as was formed up to the time of the rup- 
ture of the Neptune ring, would have a constitution 
precisely conformable in degree of den.sity. strength, 
and elasticity to that of the connective atmosjihere of 
the Sun in the period in which the ring existed. After 
the ruptnre of the ring, as tho Sun cQ\i.\,TWi\ftA.\s*."sOtf 
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ume, find aa the density uf its conncotive atmospbere I 
consequently increased, the newly formed portions of ] 
the planetary connoxioQ would partake of the inci-eosed 
density of that atmosphere, and would therefore be | 
stronger than the portion of it that was lirst formed. 
But a connexion, in common with everything else, can 
not be stronger than its weakest part ; so that, whether ] 
the planet moves outwards or inwards from the place I 
of its ring-existence, the portion of its connexioQ 
formed in that place would for all subsequent ages 
determine the strength and elasticity of the entire con- J 
nexion as such. 

Z^t the Sun still further contract in volume, and let | 
a second planet-ring project outwards fi-om its surface. [ 
At this peiio<l the connective atmosphere upon the Sun 
would obviously be denser than in the period of Nep- I 
tune in the ratio of the inverse squares of the Sun's I 
radii at these periods, as already shown. The density j 
of the connexion of the second planet would therefore j 
be greater than that of the first ojnnexion beyond Uia J 
second planet in the same ratio that the surface density I 
of the connective atmospbere was greater at the later I 
time. And the greater strength and elasticity tbu« I 
conferreii upon the second connexion would regulate J 
its action as a whole for future ages, just as in the c 
of the firet connexion. Still further contriietioa of t 
Sun woidd beget a thinl ring and a density and 
quent strength and elasticity of the connective atin<W-l 
phere and therefore of the planetary connexion formedl 
out of it, whicli would 1>e greater than in tlie preoodingl 
periods In the same nitio ns bufore. And so on, iu thai 
case of every subsequent planet-ring and planetatyj 
connexion in tlie Solar System. 

Had we commenced with any other svstem, ! 
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reasoning would have been exactly the same. The 
Satumian Hystem was evolveil in precisely the same 
manner, but more rapidly, owing to thu greater rota- 
tional velocity of the original spheroid of that system. 
And the Terrestrial System was similarly evolved, only 
the comparative alownuss of the Earth's rotation causes 
the generative period to be much greater. And simi- 
larly also, no doubt, in the casasof those systems which 
are superior to the Solar System, up even to the Side- 
real System itself. 

113. Difference Betteeeit the Aetiona of Graviia- 
tum in ilus Two Thtories, — Here then, in the case of 
the attraction of gravitation, is the general law of 
inverse squares exemplified in the connective theory of 
cosmical evolution precisely the same as in the theory 
of gravitation. The restraining sti-cngth of a planetary 
connexion is seen lo vary inversely with the s»]uare of 
the distance at which it acts, just the same as in the 
case of the supiiosed force of gravity. Where, then, it 
may be asked, is the ditTerence between the restraining 
action of a connexion and the Bup|)ose<l force of the 
present theory? A moment's consideration will suf- 
tice to make this clear. For in the case of a primary 
connexion, Me restraining energy i» constant, whether 
the planet move outwards from, or inwards tow.irds, its 
primary. The absolute velocity of a planet in its orbit 
would also be invariable {in the absence of external 
agencies, of course, and aside from nintual ace^lenilions 
and retardations), for the reason that there is nothing 
conceivable to which any change of it is assignable (see 
Arts. 70 and 73); although its angular velocity, ow- 
ing to various causes, may vary considenibly. There- 
fore, since the restraining jwwer of the connexion, and 
al»o the absolute velocity of the undi^VuxVwA \\aw*.iwh 
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constant, it Is manifest that if the planet, owing to any 
ordiuary disturbing cause, should move uutwards beyond 
its normal distance, the centrifugal tendency would 
diminish, owing to the diminution of the planet's 
angular velocity involved in the outward movement. 
It is very plain, therefore, that the outward movement 
could not continue very long subject to a continually 
diminishing centrifugal tendency and a constant re- 
straining power. And it is equally obvious that if 
the planet would move inwards to less than its normal 
distance, the centrifugal tendency would increase, 
owing to the increased angnlar velocity aocom]>anying 
the inward movement; and that this inward move- 
ment could not long continue subject to a continually 
increasing centrifugal tendency and a constant re- 
straining ixjwer. 

By the connective theory, then it would be a physi- 
cal impossibility for a planet to move beyond a limited 
range of its normal distance from its primary in conse- 
quence of the ordinary perturbations to which it is sub- 
ject, such as the accelerations and retardations of the sec- 
ondary connexions. But compare this now with tbe 
supposed force of gravity. As the planet ivouki move 
outwards, tbe restraining force, instead of remaining 
constant upon it like the elasticity of the connexions, 
would continually diminish in power; so that, in order 
that the planet may not fly entirely away from the 
Sun, it becomes necessary to suppose that the absolute 
velocity of the planet becomes less as it moves oat- 
wards, and the centrifugal tendency thus dimin- 
ished in just the same ratio as the supposed restraining 
force. SimUarly as the planet mores inwards, tlie 
power of the supposed restraining force would increase 
upon it; so that, in order to prevent its falling upon 

^ 
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the Suii, it bvcom«s necessary to sapjwsc tbat tbc plun- 
et*s absolute velocity is increased, that tlie increased 
CBnti'ifugJiI tendency thus generated may balance the 
increased radial force. And this necessity of some 
means of thus maintaining the balance of the two 
opposing tendencies appears to be the sole justification 
for supposing that such a change of the planets abso- 
lute velocity would take place; as no other adequate 
means of maintaining that balance, in auoordauce with 
the theory of gravitation, is conceivable. 

We thus see that even the very foundation stones of 
the theory of gravitation are readily, and even advan- 
tageously, replaceable by the material of the connective 
theory; and, if it be granted that the law of equiil aieiis 
has no foundation in fact, as our investigations so far 
seem to prove, then the theory of gravitation has really 
no foundation ut all. and it stands condemned by the very 
phenomena, which have hitherto been regarded as fur- 
nishing its main support. 

in. Actio7i of th^ Secondary Connexiwis. — With 
respect to the action of the secondary connexions, such 
as those of the planets with one another and of the 
San with the satellites, its nature does not at the pres- 
ent stage of the inquiry appear to be determinable. 
These connexions would evidently differ from the 
primary connexions in their function and consequently 
in their materiality. As already indicated, the former 
would be more refined, and would therefore possess loss 
strength. Consequently their action would be charac- 
terized by less energy and power. But what diminution 
of energy and power of action would he attribn able to 
these causes does not seem to be ascertainable owing to 
the quantitative vagueness of the causes themxelvcft. 
The secondary connexions would certax-cOvj i^t(A>4Kfe. 
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consUlerable efTects upon tbe motions of tbe bodies 
between whicli they subtend. In fact tbeir action woald 
constitute tbe ordinary causes of planetary pertarba- 
tions. In tbe case of two planets tbus connected, tbe 
connexion would at certain times retard tlie orbital mo- 
tion of one and accelerate that of tbe other, while, at 
other times, these actions would be reversed ; thus caus- 
ing tbe chief anomalies of planetary motions which we 
observe. Similarly in the case of the Moon, tbe eecon- 
dary connexion of that body with the Sun would at 
times accelerate its motion round tbe Earth and a(J 
other times retard it; tbus no doubt giving rise to tbifcl 
wider peculiarities wbicli the lunar motion is observoO 
to possess. The Moon's connexions with tbe otherpIsoS 
ets would also produce noticnble effects upon itfimotifn^l 
Cut none of these effects appears to be exactly ca1ctt4 
lable at tbe present time. And in corroboration of tblu 
the moBt recent authorities on this subject are ooni-1 
pelled to admit from their actual observation that tbtn 
various pecularities of tbe lunar, and even of the planJ 
etary motions, are yet by no means all accounted for. ■ 
116. AcfTuraie I*rediction of Aatromnnical EverU^^ 
— It may perhaps be wondered bow such accurate pA^I 
dictions of astronomical events, sucb as eclipses, C(rfl9 
junctions, transits, etc., can be made in connecttod 
with sucb imperfect knowledge of tbe causes affeottndl 
the lunar and planetary orbits. But it is to beobservetH 
that such astronomical events are not predicted froilB 
oar knowledge of these causes themselves, but froinl 
our knowledge of tbeir effects as ascertained fVn*M 
actual observation. From our long-continued observiM 
tions of tbe actnal anomalies of the motions of tfan 
heavenly bodies, we are at length onahKd to foreUn 
with a high degree of accuracy the orbital positions oH 
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any or all of these bodies at any particular time, pro- 
viding; it is not too remote. But this dotis not appear 
to involve any knowledge whatever of the real causes 
which produce these phenomena. The computation 
of future events seems to be grounded almost entirely 
upon the observations of similar events in the past; upon 
the observed effects of certain causes and conditions simi- 
lar to those to which the future event is known to be 
subject, in fact upon a practical rather than upon 
a theoretic basis. 
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116. T/ie Conneciive Theory of Iliat Distrthtition. — 
By the popular theory, the Sun's heat and light is 
equally diffused outwards in all directions from that 
body; diminishing at any point in the same ratio that 
the square of its distance from the heat and light source 
increases. The confusion resulting from this view, 
regarding the actual temperature of the Sun. has been 
already noticed (Art. 84) ; and it is significant that this 
view makes the Sun to be much hotter than is found 
to be the case from actual observation. 

Now the teaching of the new theory with respect 
to solar heat is, it may be said, almost the reverse of 
Newton's theory. Instead of the Sun's heat being 
diffused outwards from the Sun equally in all directions, 
it would be distributed from that botly in a compara- 
tively small number of lines or connexions; which 
being chiefly with bodies vnatly smaller than the Sun, 
lht_' heat instead of being tJiffum-r! oiitwnrds to ihefie 
bodies, would rather be eoiKxnUnlcii ia\«»\A \\\«vn, "^vj^. 
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it is far from being contended heres tliat on this accoanfc 
the Sun's surface teinperaturo is less than that we re- 
ceive on our hottest summer day. We really do not 
know what the Sun's temperature is; and from the 
nature of the case, we can as yet hardly assign to it even 
a probable value. The unknown factors, which render 
the real value uncertain, are numerous and important; 
but it does not appear impossible that at some future 
day we may determine them all, and so ascertain the 
actual solar temperature. 

In the first place, we have no apparent means of 
knowing what portion of the actual solar heal is im- 
parted to the connective substance at the Sun's surface. 
In the second place, we can not say how the trans- 
mission through the connective substance affects 
the unknown portion thus imparted. In the third 
place, we are not certain of the effect of our own upper 
atmosphere upon the unknown portion transmitted to 
it. And there are still other unknown factors of minor 
importance. We can not reason here from analogy, 
because we have no analogue. We are surrounded on 
all sides by a connective atmosphere made up of an 
unknown number of individual connexions of an un. 
known number of kinds; and we can not yet separate 
with any certainty, the effect or influence of any one 
from the effect or influence of the others. Heat is a 
certain species of motion ; but it is not certain whether 
some other speciee of motion, which is not heat, may or 
may not generate heat motion in certain substiinces or viae 
versa. By the new theory, heat is but a degree of an 
essential, if not indeed the essential, property of all 
nuitter; and we know not yet how many degrees are 
mutually convertible. We shall therefore leave the 
discussion oi these questions for the present, until at 
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least we see what light the examination of cosmical evo- 
lution in its future processes may cast upon them. 

117, CoviparisoH of the Two Theories. — The new 
theory places us apparently in no greater dilemma, in 
this respect, than we are now in, for the same difficul- 
ties (together with several others more imjxirtant) are 
met with in the present theory also. Prof. Langley 
says : " If we had a thermometer so long that we could 
dip the bulh into the sun and read the degrees on the 
sttira here, we should find out what observers would 
like very much to know, and at present are disiK)sed to 
quarrel about. The difBculty is not in measuring the 
heat, but in telling what temperature corresponds to it, 
since there is no known rule by which to find one from 
the other." * Prof. Tait says : " The energy of vibra- 
tional radiations is a transformation of the heat of a 
hot hotly, and can be again frittered down into heat, 
but in the interval of its passage through space, devoid 
of tangible matter, or even while passing nnabsorbed 
through tangible matter, it is not necessarily heat." 
Prof, W. K. Clifford states: "There is no reason why 
the vibratory motions of the ether should not be trans- 
formed into other kinds of ethereal motions." And 
many other physicists might be quoted to the same 
eifect. 

That heat in certain cases is transformed into other 
kinds of energy, is now a mere commonplace of the 
school-books, A very manifest instance of this trans- 
formation is that, in the powerful friction caused by 
boring iron, as in the making of cannon, the enormous 
amount of heat thus generated disappears at once, as 
8Hob, when the iron operated upon is strongly magnet- 
ized. IJiit whether or not similar transformations tAke_ 

■ Criiiiirv «n((H!t;i<, DweinlxT, IBSi, 
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pince in our own atmosphere, in the solar atmosphere, 
in the region between the two, or in aU three, is equally 
an unknown factor in either theory. But although 
these uncertainties are common to bolb theories, none 
uf the more serious objections, which the present the- 
ory involves, are applicable to the new theors'. We 
certainly would not infer from the latter, as is unavoid- 
ably infemble from the former, that the Sun's temper- 
ature would be several millions of degrees; that the 
temperature of the Earth ought to be much higher dar- 
ing our winter than during our summer, or that more 
solar heat would be received at the North Pole during 
our summer than would be received njion a {)oint at 
at the Equator (see Arts. 84 to 86, inchisire). 

With respect to this last inference, the old theory 
assumes that equal areas at right angles to the solar 
beams receive the same amount of suiihoat, whether at 
the Pole or at the Equator; whereas, the new thoory 
implies, on the contrary, that the amounts of sunheat 
which fall upon equal areas at right angles to the solar 
beams on different portions of the Earth's surface are 
not equal, hut vary directly ahout as the Hearth-Masses 
direi'Uy behind suih areas from tfie Sun; because the 
density of the tension- or heat-rays of the solar con- 
nexion reasonably depends ujwn the maita rather than 
upon i\\e surface to which it is distributed ; and because 
the amount of solar radiation obviously would vary 
directly as the density of these connexion-rays trans- 
mitting it. In other words, therefore, the heat falling 
on a certain area normally exposed to the solar beamR 
on different portions of the Earth's surface varies 
approximately as the portion of the ray's patli produced 
included between the opposite surfaces of tlii^ Gartb; 
varies, i. e., as liie cosine of tlie Sun's zenith distance. 
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But lis tlic actual surface of the Earth directly behind 
the area |ierpendicular to the solar rays {i. e., the area 
of the shadow of the latter) varies as the sine of tlio 
Sun's zenith distance, we have, at the equinoxes, the 
relative solar heat upon a certain area on any portion 
of the Earth's surface having the Sun in its meridian 
approxiioately determined by the quotient of the cosine, 
divided by the sine, of its latitude. Thus according to 
these circumstances the Sun's zenith distance would be 
very great near the Poles and very small near the 
Equator (or equal to the latitude of these places at the 
equinoxes); and therefore its cosine would be very 
small at the former and very great at the latter place. 
Also the sine of the Sun's zenith distance is very 
small near the Equator but very great near the Poles. 
The relative amount of heat at the Poles would 
therefore be nearly represented by the very small 
cosine divided by the very large sine, while at the 
Equator it would bo represented by the very large 
cosine divided by the very smrtll sine. Thus the actual 
solar heat falling upon a unit area near the Equator 
would be relatively much greater than by the current 
theory, while that received upon a unit area near the 
Poles would be much smaller than by that tiieory— 
which appears to agree precisely with the observed 
facts and account fully for the very low temperature 
of the Frigid Zones as compared with that of the 
Ton-id Zone. 

1 18. UeiU T/ansmisdon h>j the Sdeondory Connex- 
iotm. — It is reasonably suppusable that, in accordance 
with the new theory, a greater degree of heal would be 
trausmittfxl from the Sun through the primary connex- 
ions with tho planotit than through the sijcondary con- 
nexions with tlie satellites aud vAU^t WA\«&. '\>£^ia 
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would naturally follow from tlie snpposed comparative 
grossness, density, and strength of the former connex- 
ions. It appears probable ulso that the solar connexions 
with remoter bodies, such as the fixed stars, and per- 
haps some comets, transmit little or no heat. By tbu 
new theory the planet Saturn would at the present time 
be approximately in the same physical state as the 
Sun ; {. e., an intensely heated gaseous body, yet as oar 
connexion with it gives no evidence of such heat, we 
are left to conclude that tittle or no heat is transmitted 
by such connexions. Moreover it is likely that beat 
transmitted through even the primary connexions 
would be chiefly, or perhaps wholly, in one direction, 
or from the primary to the derived body. And finally 
it would be almost self-evident that as the Sun con- 
tracted its volume and its crust became hanl and cold, 
the heat supply to the primarily connected bodies wonlil 
be very profoundly modified accordingly. 

119. Connective Tfieori/ of IJgfd Diitrihidiim. — la 
our investigations regarding the phenomena of light, 
much the same preliminary remarks apply as in the 
phenomena of heat. The light energy would travel 
only in the connexions; and that of the primary would 
be somewhat concentmted upon the derived body in the 
same manner as the heat energy. Of the actual 
amount of light at the surface of a heavenly body, how- 
ever, the quantity we receive from it would not (at 
least yet) he any indication whatever ; and for the same 
reason that the amount of heat we receive from it is no 
indication of its actual heat. The effect of the rolar 
light rays as well as the amount of solar lieat would be 
greater from a zenith Sun ; but the same rate of dimi- 
nution towards the edges of the solar connexion woold^ 
quite probably not apply to U>^ht aa to heat. BifTereot 
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altitudes of tho San tlo not appear to cause the same 
viiriutions in the solar ligbt as in solar heat. Our 
winter days are about as liright as our summer days, 
though the latter are much the colder; and similarly 
there seems to be nearly as intense adegreeof daylight 
in the middle of the forenoon as at mid-day, although 
the latter is usually by far the warmer. Also there 
fi,re times when clouds entirely cut off direct sunlight 
for days, during which the amount of daylight is not 
proportionately diminished. Our atmosphere evidently 
multiplies the light effects of the solar energy to a much 
greater extent than it does the heat effects of it; and 
this greater multiplication of light effects in our atmos- 
phere manifestly causes an approximately equable light 
distribution over the day hemisphere. But probably 
the chief reason for this equable distribution of hght is 
that the light rays are not concentrated lil^e the beat 
rays, towards thecenter of the solar (or any) connexion, 
but are about equally distributed throughout its entire 
section — are, in fact, about as dense at the borders of 
the connexion as at its center. Heat or tension rays 
very probably vary as the mass to which they extend, 
because their function necessarily requires it. But the 
light rays, having a very different nature, would con- 
setpiently have an entirely different function, having 
more to do with sifrfave than with mass; and arc there- 
fore about uniformly mingled among the other rays 
throughout the whole connexion. 

As for the necessary geometrical relations of space, 
they of course remain wholly unaffected by any tbeo- 
rptio deduction, The apparent angular size of a body, 
r. g., would still be primarily modified by its distance 
from th"Obaerver; but it mat/ a\sQ be secondarily mod- 
ified by they«a«(«'iy ortfcrtfl'Vy of the UijJiV r-vja \ssi\».^ 
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from it to the observer. It is well knonn that none of 1 
the so-calletl Gxed etars presents any disc whatever, but | 
a mere point of light. This may not, however, be I 
altogether owing to the great distance, or to the small- 
ncss of these bodies. It is true that the distances of the | 
fixed stars are comparatively vast, as is evidenced hj I 
their annual parallax (or rather its absence) as indicatwl j 
by the diameter of the Earth's orbit. But it may bo | 
that the parallax is itself underestimated, owing to our 1 
approximately centnil position in the Sidereal System, 
and the absence or invisibility of all bodies beyond its 1 
confines. 

Our sensations within terrestrial limits would again j 
be no proper criterion for the inierpretution of our I 
sensations within celestial limits. Owing to the approx- 
imate constancy and uniformity of the terrestrial con- ■ 
nective atmosphere, the law of inverse sqnares, with I 
reference to light upon ihe Earth's surface, holds at leasts 1 
in most cases wilb a tolerable degree of exactness:- 
iti most cases, and with a tolerahle decree of exact^iest^m 
because in some cases the law does not appear toi 
account for the facts at all, as in the case of the glimmer 1 
of a taper being visible in the darkness for many mUeB,a 
and even for a time apparently diminishing in intenBityfl 
as the light is approached ; and because in other ( 
there is only a partial accordance, as in the case of i 
object appearing only about four-fifths as large above! 
our heads, as on a level with our eyes.* 

120, Ilorisonial EnUirgmient of Visual Objectt.— 
This phenomenon, in the case of heavenly bodies, sud 
as the Sun and the Moon, has puzzled astronomera tiniE 
physicists from the time of Alhazon, who observed it in, 
the eleventh century, down to the present day; but id 
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Still remains inexplicable. By the new theory the ex- 
planation of tbii) fact would be simply that the hori- 
zontal rays of the connective atmosphere are more 
numerous at any time, or at any point of the Earth's 
surface, than the vertical rays are. This would follow, 
partly at least from the overhipping in the Earth's 
atmosphere of rays extending in opposite horizontal 
directions. The solar rays would communicate their 
light-action directly to other rays of the connective 
atmosphere which are parallel with them ; and thus, m 
effect, the density of the solar rays would be increased 
by these parallel rays, and the visual effect would con- 
sequently be enlarged, for the same reason that it is 
enlarged by the greater density of the rays in the 
focus of a lens. The same reasoning also applies to 
any other object as well as to the Sun, Moon or stars. 
The greater number of horizontal than of vertical 
connexion rays transmitting its light causes a corre- 
si>onding enlargement of the horizontal, as compared 
with the vertical, object. 

121. Q-uesti'.rti Ilim&l hj the New Theory. — In gen- 
eral, as already stated, the necessary space relations 
mainly govern the apparent sizes of the heavenly 
bodies as viewed from any particular one. Thus we 
know that the Sun, Moon and planets are apparently 
smaller at their greater than at their smaller distances 
from us. But the quesLion raised by the new theory is 
this; Dues the light transmitted to us by all chu^ses 
of heavenly bodies indicate their real relative dimen- 
sions, or their real relative distances as determined from 
their a])parent dimensions? If Jupiter and an equal 
volume from the Sun and another equal volume from 
a fixed star, each shining by its respective light-rays, 
as we now see it, were all placed at the suiwa vV\^^a.■wyi 



fr.)m the Earth, would they appear to us of the same 
size i Or, if placoil where tlieir appurent slues were 
equal, would ibeir [)i»tances from us be alike) If the 
new tlieory bo tlie true one, it seems probable that 
they would not. For the remoter connexions are sup- 
posied to differ very materially from the less remote, 
the difference varying with the remoteness; and with 
such variation of the connexion, a corresp<m<liiig vari- 
ation in the character and quantity of liglit transmissi- 
ble by it may reasonably be posited, As for the con- 
nection which this theoretical deduction would have 
with spectral analysis and the various colors of the 
fixed stars, although by no means unimportant, it may 
for the present give place to stil! more important dis- 
cussions. 

122. Dark Tratisitsof JtipltcT'e SaUUiten. — A fact 
which probably lends support to the connective theory 
of light transmission is furnished by Jupiter's satei- 
lites. The two outermost of these satellites, and esjie- 
cially the fourth one, are frequently seen to cross the 
disc of the planet as dark objects, although their sunny 
sides are turned towards us at that time. At olher 
times, the same satellites are seen to cross the planet's 
disc as bright objects; and the inner satellites, it 
ap[)ears, nearly always cross it as bright objects. 

By the popular theory this phenomenon is explained 
aa follows: "The perpetual whiteness of the second 
satellite, and the darkened tints of the others during 
transit (not to say in explanation of the casual appear- 
ances strange and unusual re]Kirted at other times) rs 
due to differences in their relative albedo, as compared 
with that of Jupiter." And alh^rfo is defined as tite 
"relative capacity for reflection of diffused light from 
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equal areas." * As tlie fourth and thirti satellites from 
tiie planet are sometimes dark and sometimes bright as 
the; pass over tlie planet's disc, it is assamed that the 
aides of them presented to us in the latter case have a 
much greater capacity for reflecting the sunlight than 
the other sides. This explanation seems plausible, and 
it muy be the correct one. It is liable to some objec- 
tions, however, which seem to make it rather doubtful. 
It is shown that the albedo of the edges of Jupiter^s 
disc is much smaller than tliat of its center. In con- 
sequence of this, the first, third and fourth satellites 
Bonietimos appear bright on the edges of the disc and 
dark on its center, while in every transit the second 
satellite is always bright. Now, one objection is that 
if the difference of albedo at the edges and at the center 
of the planetary disc be such as to cause any ho<iy to 
appear bright on the former and dark on the latter, it 
ought to cause «f5ww such effect during the transit of 
every body, which, however, we have in any degree 
failed to observe in every transit of the second satellite, 
and in many transits of the first and tliird. It would 
seem also that if the albedo of one side of a satellite, 
tlie third, e. tf., is so small as to appear black on the 
planetary disc, and that of the other side so great as 
to appear bright on that disc (Miraldi observed 
this satellite in transit as a dark spot, April 4, 1707, 
and BA a white spot during the next transit, April 1 1), 
the black and the white transits ought to occur with 
about equal frequency; which again is not the cose, as 
the dark transits of some satol]it«s appear to bo much 
less fri'qin'iit than the bright ones. And still another 
ohjccli'in seems to be tiiat the albedo of ttny of the 
• Eilrnim'] J. Spltta, U'<nthlii Xottea Ib/iial Antmtmmlfit Aflrtii. ilrlU, 
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satellites should at any time be so m\icli greater thafl 
that of tlio jilanet us to cause the former Lo aiijiiar 
white upon the latter. The edges of the satellites' disL-s 
would of course have a mnch less albedo than their 
centers, in a manner similar to the planet's disc. Yet 
these edges of the satellites' discs appear whiler than 
l\\Q center oi the planetary disc upon whii^h they pass, 
which, as a mutter of fact, seems to conti-adict the 
actual measurements of these relative albedos given in 
the explanation, as well as those relative values of the 
albedos which would reasonably Ije expected under the 
circumstances. 

The following modlficalion of this explanation is 
suggested by 'the new theory. The two outer satellites 
have the planes of their orbits inclined to the plane of 
the planet's orbit. This circumstance, together with 
greater distance from the planet, permits thi^m occa- 
sionally to pass outside of the planet's connexion with 
the Sun as they revolve in their orbits,at which times 
they appear to us as dark objects upon the planet's 
disc. If Jupiter and the Earth revolved round the 8un 
in the same orbit-plane, obviously it would be impos- 
sible for us to see any of Jupiter's satellites pass across 
that planet's disc milside of the planet's connexion with 
the Sun. except for a few moments on the caslem or 
tlifl western side of the connexion when Jupiter was 
near qua^lrature. But the plane of Jupiter's orbit is 
somewhat tilled to that of the Earth, sn that the tatter 
when about in conjunction with the former is nearly 
always either aljove or below Jupiter's connexion. 
Therefore, when the Earth and asatellite are both upon 
the up|>er or the lower side of that connexion, it is 
quite ]K>ssil)k! that the three bodies would ho in a right 
line, at which Wuw. Ilii.- satellite ^^ uuld appcjir m n Uurlc 
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spotupon the planet's disc. At other times the eatel- 
lites would pass through the planet's connexion, and 
receiving its full efTecl of light and heat ttjgether with its 
own, it would appear about of the same, or even 
greater, brightness than that of the planet. The third 
satellite, being less distant, and it£ orbit less inclined, 
would pass outside of the planet's connexion at rarer 
intervals; and the second and first satellites not at all 
fur the same reasons. 

Acconling to this view, each of the satellites would 
appear black upon the planet's disc, except when it 
passed through the planetary connexion daring the 
transit; and the peculiar grayish or ashen hue fre- 
quently observed would be owing to the passage of the 
satellites through, or partially through, the edges of 
that connexion. This appearance in the case of the 
first satellite, whose inclination is so small that it 
would about always pass through the centre of the plan- 
etary connexion during its front transit may possibly be 
owing to its being viewed when the Earth and Jupiter 
are separated by a consJderahle heliocentric angle, so 
that it would pass over a portion of the planetary disc 
after it has passed through, or before it entered, the 
main part of the planetary connexion. 

123. Sunlight and Eartfdighl oh the J/oon.— The 
illnniination of the Moon's surface next to the Sun is 
not neces-sarily opposed to this view. Jupiter's satellites 
invaribly appear bright to ns when not crossing behind, 
or in front of, the pianet'it disc; and this brightness can 
not always bo due to the primary light of the planet. 
These salelhles, therefore, appear bright by the Sun's 
secondary light just in the same way as our Moon. 
Anil wo appear to have no evidence wh.itever tK'(X,v*» 
an observer on Venus, the Mloqh m \\& wica-ww^-B^v*^"'^ 
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sit across the Earth's disc does not appear at times as a 
dark object, and at others as a bright object, as it 
passed respectively to one side of, or through, the 
Earth's solar connexion; just in the same manner and 
for the same reasons that Jupiter's satellites npi}ear so 
t'j us. The solar illumination of the Moon does nob 
appear to ns to be very intense. There is, in fact, no 
reason for believing that the solar illumination of the 
Earth would not quite probably appear more intense 
from the Moon than that of the latter does to us ; 
and a slight deficiency of solar light upon one body 
as compared with another over whose disc it was mak- 
ing a transit would cause the former to ajipear com- 
paratively dark. Now, besides being illuminated by 
direct sunlight (and possibly also by its own inherent 
light), the Moon would also be illuminated by earth- 
light. This earthlight would probably at the present 
time consist chiefly of reflected sunlight. But it may 
also consist partly of light inherent in the Earth itself. 
We know as little of the ultimate nature and trans- 
formations of light as we do of boat. As the latter 
may be manifested in the transformation of energies 
which are not heat, so the former may possibly be 
manifested in the transformations of energies which 
are not light. It seems not impossible, therefore, that 
along with the tolei-ably certain component of the 
earthlight upon the Moon, {i e., the reflected sunlight) 
there may also co-exist a component consisting of a 
light originating on the Earth. The light reflected 
frfjm the Earth to the Moon should obviously be much 
greater than the liglit reflected from the Moon to the 
Earth. Even by the current theory the former should 
he at least twelve times the latter. Yet, while wo 
know tba.t tbe Earth is very oo'nsvVeteNJv^ \\VMSN^viui,t«dl 
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by iDooaligbt, tlio Moon at the most favorable con- 
juncture, lis at or uear new Moon, is little more than 
barely visible to us by cartblight. 

By the new theory this fact would reasonably be 
explained by the structure of the Moon's primary con- 
nexion. It has already been intimated that heat 
would travel cliiefly in the primary connL'xions, and 
almost wholly in a direction from- the primary to the 
derived body. Light, however, embrnces a higher range 
of phenomena; so that one kind of light might be 
transmitted by a connexion in one direction, while a dif- 
ferent kind or degree of light might be transmitted by 
it at the same time in the opposite direction. But it 
seems very difHcuIt to conceive that the saTnt, connect- 
ive substance would at the satiie time transmit the same 
kind of light in f>ppuBiie directions ; for the reason 
that precisely the same connective lines or rays would 
be required for such transmission ; and if these rays 
transmitted the light in one direction, it appears impos- 
sible that they could at the same time transmit that 
light in nn opposite direction also. Now it is only rea- 
sonable to suppose that the Moon's primary connexion 
is oontinvally transmitting light (and probably heat 
also) from the Earth towanls the Moon ; and, for the 
reason just stated, little or none of this light (and 
heat) could be transmitted back again to the Earth, 
While at the same time the solar light falling on the 
Mo<)n, being supposably of a different kind, is readily 
transmitted Earthwards by that connexion. There is 
no evidence whatever by the popular theory that the 
solar light reflected from the Moon would be precisely 
similar to the same light reflected from the Earth. 
And by the new theory we have good grounds (or 
believing that the solar \\^\. \,Tasv&TnJX.'yeii>s"i "Cafe^RK^ 



264 A NEW THEOKY, 

ontJary connexion to the Moon is different both in 
quantity and kind from the sohir light transinilted by 
the primary connexion to the Earth. Therefore, we 
soem to bo quite justified in assuming that, of the 
light transmitted from the Earth to the Moon, very 
little, or none whatever, wonld be transmitted in a 
backward direction ; which obviously would fully 
explain the faint risibility of "the old Moon in the 
new Moon's arms." 

124. The Moon's Sunlight on the Earth.— Ai the 
time of a lunar eclipse, the lunar connexion with the 
Sun falls upon the Earth, which thus receives for the 
time the full benelit of the heat and light of this con- 
nexion, in a<ldition to that of its own. As already 
intimated, the ratio or relation which the one connex- 
ion hears to the other is not determined. But if upon 
no other consideration than that of mass, the Moon's 
solar connexion would only be about one-eightieth of 
the Earth's ; and by virtue of its secondary character, 
it would probably be much less than this. The addi- 
tional amount of light and heat which at that time 
would be transmitted to us would therefore ho scarcely 
perceptible unless s]>ecial pains were directed to deter- 
mine it. And it is from such determination that tho 
quantitative and qualitative relations of the solar coa- 
nexions of the two bodies will, in all probability, oven- 
tuiilly be ascertained. 

125. Ahcrraii-on of Zight. — In a Report to the Brit- 
ish Association on Optical Theories, by R, T. Glaze- 
brook, it is stated that Stokes " has given us an expla- 
nation of aberration by showing that we may suppose 
the Earth to move through sjiace carrying the ether 
with it, the ether at some distance from it being at 
rest; provided that the motion thus produced in the 
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ether be irrotational, all the known phenomena of 
aberration will follow." This, however, would hanily 
be the case according to the current theory-, for if the 
ether for a certain distance should be carried along 
with the Earth in its orbit, it would hardly fail also 
to be carried along with the Earth in its axial rotation. 
But by the new theory it is just what would actujiily 
ha]))>en. The planetary connexions upon the Earth 
are of course carried along by that body in its annual 
revolution, while they in no degree rotate with it 
alKiut its axis, but are relatively fixed while the Earth 
rotates within them. 



ANOMALIES OF THE SOLAR SYSTEM. 

126. TJteSaiumian Ring. — There are many curious 
and hitherto inexplicable anomalies in the Solar Sys- 
tem which furnishes the strongest possible corrohora- 
tive evidence of the now views thus far advanced. The 
planet Saturn and its ring is one of these—ia indeed a 
sUnding witness the evidence of which alone should 
really be considered sufficient to establish iho now 
theory. There is, properly speaking. noexpliinatiDn of 
the curious phenomenon of Saturn's ring by the current 
theory. There are quite a number of alleged explana- 
tions, none of which, however, are tenable. The 
most common view is that the ring is composed of dis- 
crote particles of dust or tenuous vapor, similar to the 
substance of a comet's toil or the zodiacal light. This 
view is now accepted by the highest living nuthoritiBS 
a the Bubjcot. The planet itstlE, oxv \\ve olX^vst \iaa&.. 
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is supposed to be an ice-covered solid body.* How the 
planet became solidified out of the original vajwrs ivhile 
the ring which had, to say the least, an equal chance 
to solidify, yet remains in the original vaporous state, 
is of course wholly inexplicable. And another inex- 
plicable circumstance is the ratio of the centrifugal 
tendency of the ring-particles to the central attrac- 
tion of the planet which acts upon them. The 
ring has been observed to rotate in a period of be- 
tween ten and eleven hours, or in about the same 
period of time as the planet itself.f Vet this rotation 
of the ring, according to the present theory, implies a 
power of attraction of the planet upon the inner edge 
of the ring nearly one-and-ahalf timoa greater than 
the centrifugal force generated by the ring's rotation; and 
at the outer edge of the ring the centrifugal force thas 
generated would be more than twice as great as the 
central attraction of the planet. It has indeed been 
supposed that the inner portion of the ring bad a more 
rapid rotation than the outer portion in order that the 
balance of the forces might be thus preserved. Bat 
it is difficult to conceive how this state of things oould 
be maintained for any length of time. And moreover, 
the rotation of the ring, just the same as the rotation 
of the planet, is indicated by the observation of spots. 
And the existence of spots upon a ring, the particles of 
which have very different rales of rotation, es|)eeially 
during an entire rotation of the ring, can hardly be 
regarded as within the limits of probability. 

Some scientists are agreed that the ring is getting con- 
tinually smaller in diameter, and will continue to grow 

•The ulttB-Jovian plants " am KlfiboBot •nliil iue. Incliialiig purea of 
rockji matcrtol and wraiiped In rapur-laileii slmoiipbena." Prof. A. Wl>. 
ohtU. m<rld-IAfe, p. ITS 

fHeiw:Ii«riOu(Un<ii(i; Anti-nvwii. fc.rt.»». 
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iDwanls and evpntually come in contact with the 
planet"; while others hold that the diameter of the 
ring-Bystem is continually increasing at the rate of 
about 29 miles annuallv from the time of Huyghens-f 
Prof. C. A. Young states that " the most recent micro 
metric measures have failed to confirm Struve's sus- 
picion that the rings are contracting on the planet." 

By the new theory, Saturn's ring is simply the solid 
crust of the planet separated from it in the manner 
alraady indicated by the connective theorj'. It is in all 
probability continually receding from the planet, tlicre- 
fcire expanding in diameter; and being thus suhjectotl 
to an increasing centrifugal strain, it will yield event nally 
at some point and collapse into asatellite. There is liltio 
further to add to this explanation. Regarding the real 
attraction of the planet upon the ring, by the nevr 
theory, it may be stated that it would supj>oRably be 
comparatively feeble. The crust of the planet as it 
separated into its present ring-form would carry with 
it a portion of the structurally developed connective 
atmosphere in which the function of attraction lies; the 
remainder of which on the planet's surface would 
supposably conform itself structurally, and therefore 
functionally with respect to gravitation, to the ex- 
tremely different conditions supervening there after 
the crust's removal (see Art. 112, b). TheBamcclian({n 
in the connective atmosphere of the ring would take 
place probably by the extreme eut-rgy of its precipllli- 
tion into the spherical form. Notwithstanding; tim 
general belief (arisingmainly from the con fuj-W-n of th*t 
popular theory) that the ring is multiple or madt- u|) of 
three or four separate rin^ tlwre in no real nvidonoii 
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whatever that sucb is the case. There are indeol stnV 
tioDsaiid biiniis ot different colors; but tliis wouM (juite 
siip|iosably ariso from the manner in which the ring is 
here conceived to have been derived, without involving 
any actuaJ breach of continuity. The transparent 
inner portion of tlie ring, which we observe to be pre- 
cisely analogous in sul>st.anoc to the solur ooronal rays, 
the zodiacal light, and the tails of comets, is, by tlie 
new theory, nothing else than the ring's piimary con- 
nexion with the planet, inixe<I, perliapH, near the ring, 
with some aqueous and ofboi" volatilized vapors. 
The main hotly of the ring is certainly sufficiently solid 
to cast an unbroken shadow upon tiiO planet, and also 
to receive the shadow of the latter upon tlio side faith- 
est from the Sup. The outline of tliia latter shadow, 
minutely scrutinized with powerful telescopes, hoe led 
astronomers to believe that the outer edge of the ring is 
rounded in form ; precisely as the new theory would lend 
us to expect. Changes aro continually occurring in the 
ring's structure, which is, no doubt, owing to its continual 
expansion. M. Stuyvaert of the Royal Observatory, 
Brussels, from drawings made February $ and 15, 1887, 
and presented to the Royal Belgian Academy, shows 
that the black band corresponding to the CassiniaQ 
division, is encroaching on the outer portion of the ring, 
in a remarkable series of shaded indentations. Another 
portion ia broken up into a series of bright white spots, 
by a number of dusky patcJies. Also there was observed 
three or four "large reenteringangles,liketlie teeth of 
a saw," on the inner margin. These observed changtiS 
have led to the belief, that the matter composing the 
ring is at present much less evenly distributed than 
usual- And, in fact, we really know not at what mo- 
ment a serious break may occur, "wtikU would precipi- 
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tute tlie awful catastrophe terminating tlie existence of 
the riDg OS suoh, and transforming it into tbe ninth 
tiaturnkn satellite. 

187. VoiiteU. — If the privilege of witnessing this 
grand cjitastrophe — the crashing togetherof bilUons up- 
on billions of cubic miles of solid rock and earth, sepa- 
nited by more than 17G,00(i miles, or about three-fourths 
the distance of the Moon fi-om the Earth — if the rare 
privilege of gazing witli our mortal eyes, upon this awful 
convulsion of a world in the throesof aplanetiiry birth 
be granted us, it may be that other bodies bcisidea the off- 
spring will be seen to engage our attention. In the ex- 
treme violenceofthecontact,vastfragmentG would prob- 
ably have their parental connexions severed, and with 
a portion of these severed connexions clinging about 
them a.s an infant robe, these fragments would speed to 
distant worlds and systems as mos-sengers bearing tidings 
of the nativity. These, although apparently wandering 
in all directions, yet would have their determined defin- 
ite courses which they must pursue. The agents deter- 
mining the comet's course would probably be one of the 
secondary connexions which yet remain attached to it, 
8ome one of these connexions would lie more nearly in 
the direction of the comet's original projection than the 
others, and this one the body would follow. The lead- 
ing connexion would thus become continually shorter, 
its substance accumulating npon the body; and, owing to 
the swift motion of the one and the material inertia of 
the other, it would fall behind the comet and farm 
what is popularly called the " tail." This tail would of 
course increase in magnitude, owingto the continual 
accumulation of the connexion as the connected body 
waa approached. Sometimes one or mnvf. siil>ordiriate 

s are observed to extend from the body in diffe,v«*!i. 
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(lirectiona; but quite probably these are only other 
secondary connexions carried by the comet, and into 
which a part of the accumulating connective substance 
finds its way, thns making them visible to iis. Now 
the chances would be almost infinity to one against 
the original projection of the comet exactly in the 
direction of the connected body towards which the 
comet would move. The direction of projection would 
in fact be more or lees to one side or other of that 
body. - The comet, therefore, would not move directly 
towards the body approetched, and as it moved past that 
body a gradual strain would come upon the connexion 
between the two, by means of which the former, in the 
course of several hours or days, would be swung 
around the latter until its motion was nearly in line 
with some other secondary connexion which itoarried 
and which it would afterwards follow. 

The substance of the tail, in obedience to its mate- 
rial cohesion and momentum, would also move round 
with the comet ; and as the latter was more directly 
retained by the connexion, the former (whose momen- 
tum would be comparatively unchecked) would gener- 
ally swing round it to the side farthest from the other 
body. Thus the normal position of the tail would 
usually be away from the Sun. But this position of 
the tail is not an essential feature in this theory. In 
fact, exact opposition of the tail to the Sun would 
rarely be the case, and probably rarely is the case. 
Indeed one comet at least has been observed whose 
tail pointed almost directly towardsthe sun.* In this 
manner the comet would recede much in the same 
manner that it approached ; the connexion with the 
first body now elongating itself from the accumulated 

•Nature, XU, us. 
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connective substance Upon the body of the comet, just 
ns the Earth's connexions with the planets become 
elongated when the Earth recedes from them. 

After the comet rounded tliis second body it might 
return again to the first, or it might, subject to the 
guidance of still another secondary connexion which it 
would carry, move towards a third body, and then even 
towards a fourth, coming back by way of one or more 
of these, or perhaps directly to the first; or it may 
be that it would never return to the first, but would 
continue circulatiDg around some others. In its wan- 
dering it would suffer a continual loss of motion from 
the friction of the connective medium through which 
it passes ; and in all probability a plunge into the bo<ly 
towards which finally it would thus move, is the ulti- 
mate fate which would terminate its career. 

All the peculiar and hitherto mysterious phenomena 
of these bodies thus fall in exact harmony with the 
new theory. But in still further confirmation of the 
new views, it has been observed that the substance 
forming the tail seems to rise in a continual stream 
from the side of the approaching comet nearest to the 
Sun ; and, after ascending a certain distance, apparently 
sweeps behind the body. " It flows past the nucleus," 
says Dr. Huggins, "on all sides, still ever expanding 
and shooting backwanis until a tail is formed, in a 
direction opposite to the Sun. This tail is usually 
curve<1, though sometimes rays or extra tails are also 
seen." This curvature of the tail, regarding which so 
very many unsatisfactory theories have been invented, 
it may here be remarked would be caused by the mo- 
tion of the comet being in a different direction from 
that in which the leading connexion lies ; the inertia of 
the connective substance and the comet's motion giving 



272 



A NBW TBKOBT. 



tn the connective particles the observed resalUnl |>ati). 
If tbo comet tnuved directly towanls ibe 8un, t. *., 
exactly in the direction in which the leading connexion 
lies, the tail would BUpposablj' be exactly straight during 
the approiich of the comet. 

It iias been supposed by Siemens, Proctor, Langiey, 
Iluyghens and others, that the activity above noticed 
on the side nearest the Sun would be caused by the ex- 
treme solar heat driving occluded gases out of the solid 
nucleus ; and then repelling tliem in a manner analo- 
gous to electric repulsion. But Professor Stokes has 
uliserved that this activity is just as pronounced in tho 
cases of comets which have approached the Sun no 
nearer than our Earth does, or not so near ; and these 
bodies, having no proper atmosphere, and subject, there- 
fore, according to Profeiwor Lungluy and others, to a 
tomiwrature several hundred degrees below zero, such 
a theory, under such circuDistancos, can honlly be re- 
garded as tenable. 

Moreover, t)io evidence of the spectroscope goes 
to show that there is almost an exact similarity 
of composition and matter in cuuiets' tails, the cor- 
onal streamers, the zodiacal light, the aurora borealis, 
and even the nocturnal phosphorescent glow occasion- 
ally visible over the sky. The eminent miithuma. 
tician Eiiler was led by observation to put fnrward 
the theory " that there is a great affinity b«twt>en these 
tills, the zodiacal light, and the aurora borealis." Ao- 
citrding to Angstrilm and Otto Struve, a single bright 
line is seen in the spectrum of the auroral light, which 
indic;Lt^s that it is a luminous lUiid of a peculiar kind. 
Koccntly the zodiacal light has been analy/^ed by 
Angstrom " with a result." in the words of K. A. Proo- 
tw, "altogether uDexpochMJ, and at present lilmOBl 
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unintelligible. Jtg aptclrum exkiiiiU a hriyht Hue, and 
t/iis Vri/jht line is thsaame thai is seen in the si>ectrum of 
the aurora Ixtrealis" As to the " not merely amazing 
but altogether unintelligible" phenomena of the tails 
of comets, the eminent spectroscopist, Dr. Huggins 
romurks : " The spectroscopic evidence fails to give con- 
clusive evidence on this [>oint. Still .... the 
teachings of the spectroscope are in favor of the view 
that the self-light of comets is due to electric dis- 
charges." Subsequently,* be states that " we do not 
Unow the conditions under which these cometary ap- 
pearances occur, but the generally accepted hypothesis 
attributes them to electrioal action; . . . . to an 
electrical force which varies with the surface, and not 
like gravity, with the mass." And Jinally, in the 
words of R. A. Proctor once more, — " The spectrum 
of the Sun's corona exhibited the same bright lines as 
the aurora. . . . It is far from being unlikely that 
these long-vexed questions — the nature of the aurora 
and that of the zodiacal light, and that of the comets* 
tails — will receive their solution simultaneously." 

128. Meteorites. — Meteorites would ditler from 
comets in no respect whatever but their size. They 
would originate at the same time and in the same 
manner; the larger fragments being comets, the smaller, 
meteorites. The latter would circulate in the same 
manner as the former, and often, no doubt, round the 
same bcxUes. Indeed, it has recently been observed 
that comets are very frequently accompanied by im- 
mense streams of meteorites. Owing probably to their 
smallneas alone these bodies are invisible to m, except 
upon very close approacli ; but each of them is, no 
doubt, accompanied by a minute tail or connectiva 

• la ■ Lcotura at Uio lUirii liutltutlun, ingb. S. ttM, M 



S74 4 NEW TnKORT. 

atmosphere Id the same manner as a comet. If we are 
in need of further confirmative evidence, we liave it in 
the bodies themselves which we see with our eyes and 
handle with our hands. Many meteorites — or aero- 
lites, or comets, whichever we choose to call them — 
fall annually upon the surface of the Earth. We 
see tbeni fall: we dig them out of the Earth in 
which their momentum has buried them ; and wo place 
them in our museums. What are they? They are 
simply pieces of rock, about in all respects similar to 
rock of our own world. "It has now been shown that 
meteoric stones sometimes contain pieces of essentially 
difTerent rocks fused together and pieces of detritus — 
the wearing down of older rocks. Thus, as we know 
that sandstone is made of compacted sand, and sand 
itself was in some still eai'lier time part of rocks worn 
down by friction— when it is shown, as it has been by 
M. Meunier, that a sandstone wiih threads of copper in 
it (like some of our hake Superior formations) has come 
to us in a meteorite, his conclusion that these stones 
may be part of some other world is one that, however 
startling, we can not refuse to consider." * And 
again, in the words of Camille Fiammarion : "When 
sixteen years ago I published the last edition of my 
work— 'The Plurality of Inhabited Worlds'— I did 
not e^tpect to see the speedy confirmation that the pro- 
gress of astronomy was to give to my essay, by allow- 
ing us, so to speak, to put our finger on the manifes- 
tation of planetary life. On the one hand those 
samples of other worlds — the aerolites — have brought 
us, in their composition, certain elements which play a 
very extensive rSle in life — such as oxygen, hydrogen, 
chloride of sodium, and carbon. The aerolite which 

• Prot. 8. p. IiBAglU;, Ccnturu Af.iu<ulnr. Jan., 1887. 
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fell at Orgueil (Tarnet-Garonne) lu 1864, brought us 
coaiy matter — carburets that are due, like peat, to 
vegetable remains ; the one which fell at Lanoe 
(Loire-et-Oher) in 1872, brought us salt. They had 
already brought us water in the form of hydrated 
oxide of iron. The worlds whence these fragments 
come, do not differ then essentially from our own."* 

Another meteorite which fell at Mighe'i, in Russia, 
June d, 18S9, has been examined by M. Stanislaus 
Muenicr. "About 85 per cent, of the rock was found 
to be attacked by acids, the portion so attacked 
being shown by analysis to consist mainly of a 
silicate of magnesium and iron having the 
composition of peridote. On the remaining 1.5 per 
cent, being treated in a current of dry oxygon gas, 
it readily took tire and burnt very brilliantly. The 
products of combustion, which were allowed to pass 
through the usual absorption tubes containing pumice 
and sulphuric acid and potash, showed that the meteor- 
ite contained nearly 5 per cent, of organic matter." f 

Now, all of these remarkable facts are wholly 
inexplicable by the present theory. They are, indeed, 
so utterly at variance with the genesis of worlds, accord- 
ing to that theory, that prominent scientists, as the 
easiest way of avoiding the contradiction, strenuously 
deny that meteorites contain any organic traces what- 
ever. Up to the present time the most reasonable 
theory of the origin of meteorites is that of J. Nor- 
man Lockyer and Prof. G. H. Darwin, which is that 
they are more isolated condensations of the primordial 
vapor in the extreme cold of interplanetary space, 
brought into their present physical state by innumer- 
able collisions with one another in meteoritic swarms. 
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Of course tbis theory utterly precludes the existence 
of any vegetable or organic substance in these bodies. 

The theory of the origin of these bodies whicli is 
advanced in the present work is, on the contrary, com- 
pletely in harmony with that of M. Stanislaus Muenier, 
of which a Commission of the Paris Academy said 
that he was justiGed in concluding " that all these 
masses once belonged to a considerable globe like the 
earth, having true geological epochs, and that later it 
was decomposed into separate fragments under the 
action of causes difficult to define exactly, but which 
we have more than once seen in operation in the heav- 
ens themselves.* 

129. Ducrepancies of the PhinHanj Ma^st's and 
Moliofis. — It is probable that in the coltajise of each 
planet-ring several comets and numberless meteorites 
would come into separate existence. It seems possible 
even that in the e-ttraordinary violence of the falting 
masses, almost the whole ring might thus occasionally 
be broken up into such separate fragments. It is a rea- 
sonable geometrical deduction that the mass of each 
planet-ring should bear a delinite ratio to the space 
through which the Sun contracted during the crust- 
formation, or, approximately, the sjiace between the 
orbit of the resulting planet and that of the next pre- 
ceding. According to this view, the outermost planets 
should be vastly larger than the innermost, and, in 
general, this is the fact. But still there are great di»- 
crepaneies, Uranus and Neptune ought to Iw much 
larger than Saturn or Jupiter, whereas they are con- 
siderably smaller. Mars again should he larger than 
the Earth, whereas it is little more than a tenth as 
large. And the united mass of the Asteroids shoald 

• Frot. lloUva, ActiiiM. i\i I'riJUrwiH A'lrtituimmn mi, ().». 
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be second to that of Jupiter, whereas it is much less 
than one-miUionlh of Jupiter's mass. By the present 
theory these discrepancies are unaccountable; by the 
new theory they are reasonably attributable to the dis- 
sipation of the ring-substance in comets and meteorites. 
In corroboration of this view, we observe that it is in 
those cases in wliich tite mais-discrepancy is most 
marlicd that we meet with other irregular phenomena. 
For example, the axis of rotation of Neptune, Uranus 
and Mars vary the most from the perpendicular to 
the orbit-plane, which clearly indicates that these 
bodies are but larger residual fragments of the 
parent-rings, the axes of which have been tilted in 
the parting shocks of the portions ejected as comets 
and meteorites. However great the violence of the 
ring-disruption, if only the whole mass of the ring 
would aggrognto into the resulting sphere, there could 
be no variiition of the axis of rotation of this sphere 
from the iHirpendicular to the orbit-plana It is quite 
probable that very large masses might be ejected from 
the resulting sphere without changing the inclination 
of its axis. But it is equally evident that when the 
axis of rotation is inclined from the axis of orbital 
revolution, an ejection of portions of the phinet-ring as 
comets and meteorites is certainly indicated. Of course 
, after the axis of the resulting sphere becomes once 
tilted it always remains so; and the suceeciling satellites 
would have their axes of revolution at thcsame inclina 
lion. This would obviously be the case with Nejrtntie- 
and Uranus, the orbit planes of whose satellites are 
almost perpendicular to the planes of the planetary 
orbits. 

Another hitherto inexplicable irregularity of viiicb 
this cometary ejection is a very ^WmsaNAsi «.i.'^'!v\«So*s^ 
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is the extraordinarily BtnaU period of revolution of tbe 
recently discovered Martial satellites; itiat of the inner 
one being less than one-third the I'otalion period of 
Mars. Of this very unusual phenomeuoD the probable 
explanation is that the satellite is comparatively a 
small fragment of the planet-ring, the ejected portions 
of which by their final impact impressed upon it a cer- 
tain amount of motion in a backward direction; and 
hence the body was drawn inwards by the elasticity of 
its connexion until its increased angular velocity gen- 
erated a centrifugal force balancing the elasticity of 
the connexion. 

It seems quite probable that tbe structure of tbe 
planet- and satellite-rings would differ very considera- 
bly; the substance of some being hard and elastic, 
while that of others would be soft and pliable, acconl- 
ing with the various conditions to which their furma- 
tion would be subjected. To the former class evidently 
would belong tbe three anomalous planet-s hero men- 
tioned, together with their satellites. It is also proba- 
ble that, owing to their fragmentary nature, surae of 
this class of planets and satellites, especially the smaller 
bodies, might at their origin hare retained a portion 
or nearly all of their structural development, much 
the same, in fact, as the nuclei of comets. Upon this 
assumption, the two satellites of Mars may be mere ' 
blocks of solid rock. In such bodies the genitive pro- 
cess would supposably be exceedingly slow; the more 
so on those in which the greater degree of develop- 
ment was retained. 

130. The Minor Plancta. — According to the current 
theory, the minor planets or Asteroids, may have been 
ov'xQ^io a atrat!fi<^a(Mnol the parent ring, fi-oiu which 
"/( ia quite conceivable Uiat wumCT^Ms planets might 
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i-esult."* Or the ring might have ]»ersisted until excess 
«f perturbtition " brought it into contact with the planet 
Mars,"t by which collision it was broken up into the 
Asteroids. Or Olber's theory of an exploded planet 
might be the correct one. J Upon reviewing which 
array of "contingencies," Prof. A. "Winchell confi- 
dently remarks: "The possibilities of the nebular 
theory, therefore, deprive of all force any objection 
based upon tbo existence of a group of asteroids." 

As the superior genius of its more recent supporter 
would lead us to expect, the last theory (of which 
Professor Winchell mentions his rejection merely In a 
footnote) comes the nearest to the explanation fur- 
nished by the new theory. The "grotesque" concep- 
tion of a body liquifying, and even solidifying, around 
a gaseous nucleus, which Mr. Spencer " sets forth," is 
in exact accordance with the views here mlvanced. 
Had he only extende<l his conception a little further to 
the equatorial projection and eventual separation of 
such a solidified crust, and its tinal fracture and falling 
together through many millions of miles, Mr. Spencer 
would have arrived at precisely the same explanation 
of these bodies that is here offered — with only this 
exception: he had the solidified crust upon the planet, 
while the new theory wotdd have it upon the Sun. If 
the substance of such a solidified planet-ring be sup- 
posed to be peculiarly brittle and elastic, in which sup- 
position there appears to be nothing unreasonable, the 
violence of its collapse through such an immense space 
would amply account for the fragments which alone 
remain to tell the story. These are but the few the 

■ A. Wlncbell. WorM-Lift, p. ITS. 

• B. Plerca, OaultTn Aetmn. Jour. U, 18; G. Hlnrlchi, ^m. Jour. 8M.. U, 
XXXIX. M. 
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violonce of whose ejection from the center of aggrega- 
tion chanced to be only suBicient to supamle iheir 
mutual connexions without severing those with the 
primary. The vast majority, having wholly severed 
their parental connexions {and probably their frater- 
nal connexions also), had become wanderers among 
other and distant worlds. 

131, Comets from Satellite Mings. — Would these 
wanderers ever return to the place of their birth 1 
Probably not; for their family connexions would all, 
or nearly all, be severed ; and therefore they would 
have no inducement to retrace their path. It would 
probably be otherwise, however, with the fragments 
escaping from the satellite rings. These, whUo sever- 
ing their primary connexions with the planets, might 
still retain their secondary connexions with the Sun 
and some other planets; in the direction of some one 
of which they might jwrliaps !« projected and so cir- 
culate around the Sun and one of these planets. The fol- 
lowing quotation is strongly confirmative of this view. 
"The PonsBrooks comet of 18S3-84 is extremely 
interesting, as presenting the first instance (excepting 
Halley's comet, of course) of one of the Neptunian 
family of comets returning to perihelion. There are 

Lfiix of these bodies, with periods ranging from sixty- 
eight to seventy years. Halley's comet, the only large 
one of the group, has made many returns, and is due 
in 1910, Pons's comet, firat observed in 1813. has now 
returned; Olber's comet of 1815 is due in 1889, and 
the three others, all of them small, in 1919-20 and 
1622. 
" I have spoken of them as Neptunian comets, i, «., 
their presence in our system is known to bo due ia 
some Vfa.y to thi» planet. Tl»e qow ganerally rooeiv«d 
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theory is that they have had their orbits changed from 
parabolas into their present shape by tlie disturbing 
action of Neptune. Mr. Proctor has pointed out cer- 
tain unquestionable, though, I think, inconclusive, 
objections to this view, and he projwses, as an alter- 
native, the startling and apparently improbable hypoth- 
esis, that they have been ejected from the planet at 
some past time by something like volcanic action."* 
But ailhough Mr. Proctor's hypothesis after all comes 
remarkably near to what has every appearance of being 
the fact, yet It seems certain that a comet could never 
return to the primary from the ring of which it was 
first ejected, and with which all its connexions ai-c 
broken. 



CHAPTER VT. 
GENERAL METEOROLOGICAL PHENOMENA. 

82, Atmospheric EeUnsum. — We have noticed 
(Arts. 61, 32, 53) that the solar atmosphere extends 
to very great distances from the Sun's surface, and that 
thi^ atmospheric extension is greater at times in certain 
directions than in others. From analogy we may 
deduce the same condition of things in the Earth's 
atmosphere also. It used to be the current belief that 
the utmost limit of our atmosphere diti not extend to 
more than 50, or at most 100. miles beyond the Earth's 
surface. While this belief is still held to some extent, 
these limits have from time to time been extended in 
order to accord with more extended observation, unlil 
to-day we 6nd some physicists ready to admit that it 
in all probability extends to the fixed Rtara I 

•Pr»r. C A. Vouug. .Vatim.XXXV,U1. 



M. Mattieu Williams, in his " Fuel of the San," con- 
cludes "that tlie atmosphere of our eartli is but a 
portion of a universal elastic medium ;" and lie states 
that Sir William Grove hud also held the universality 
of atmospheric matter, and that Sir Charles Lyell ex- 
pressed strong approval of tliis conchision. Also Dr. 
C. W- Siemens in a paper on "The New Theory 
of the Sun." * independently arrived at the same con- 
viction, " It is no longer held among scientists that 
the atmosphere of the Sun and its satellites 
are each limited in extent and bounded by clearly 
defined lines, the spaces between being void of matter, 
and hence vacuums; but on the contrary it is now 
admitted by nearly all physicists, that the respective 
atmospheres of all the planets, and of the Sun. are 
densest at the surface of the bodies, gradually growing 
more rare outward until at length but one substance 
constitutes it, and that substance a very rare one 
indeed. "f And Prof. S, P. Langley mentions it:^ asa 
remarkable speculation now gaining ground, and which 
Dr. Hunt strengthens with the name of Newton, that 
our atmosphere extends in ever-increasing tenuity, until 
it touches and merges into the atmospheres of otluT 
worlds. This though a mere chaotic diffusion, is still a 
somewhat close approach to the conceptions of the now 
theory. But the actual phenomena of the Solar System 
itself, such as the solar corona and the zodiacal light 
seems to furnish far more valuable corroborative e\"i- 
dence of these conceptions. 

133. Aei'iat Tides and Baroinclrie Pressure. — Pass- 
ing over these phenomena here, because they are already 
discussed in Part I of this work, we may next examino 

• Nlnelttiait CeiKury. Anrll. IWS- 
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briefly, the causes of the regular variations of atmos- 
pheric pressure. Fortlie reasons already stated (Arts. 
bG and 57), the two primary connexions upon tlio Kai'tl), 
or those connecting it with the Sun and the Moon, have 
a profound influence upon the atmospher*! of our globe; 
piling it up at certain places and times, in wavos called 
tides, while at other times they absorb its rarer gases 
outwards to greater distances from the planet's surface. 
Owing to the diurnal rotation of the Earth, all portions 
of its surface are successively swept over from east to 
west by these connexions; which, iK'ing material, would 
tend, in a degree, to drag the floating atmospheric parti- 
cles through which they move along with them, and so 
give rise to aerial tides. The existence of these aerial, 
tides would be indicated by the barometer, an instru- 
ment for raeasuring the pressure, and, therefore, sup- 
posably, the quantiti/ or viass of air, at invariable dis- 
tances, vertically above it; and that they are indicated 
by it, is now generally well known. 

With respect to the Moon, A, Belikoff and M. 
RykatschoEf have concluded from a study of the anem- 
ograph records of St. Petersburg, that there are indi- 
cations of a north and south movement during the 
lunar day, having one maximum and one minimum, 
and an east and west movement having two maxima 
and two minima, and therefom simitar to the ocean 
tides.* With respect to the Sun, there are over the 
greater portion of the Earth's surface, two maxima 
and two minima of air-pressure in every 24 hours. The 
two daily maxima are in the morning and in the even- 
ing, about from S to 10 a. m., and from 8 to 11 p. m., 
and the two daily minima are intermediate, orat about 
to 4 x. u. and 1 to 4 p. m. The observation made 

'ZnUehrVt of the Oer. Utt. Am)c„ 1., 9. 'JIA . 
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by the ChaUenger expedition in the A-Qtarctic Ocean, 
and those made by the Norwegian Exindition in the 
north of the Atlantic, show only one niaximuiu and one 
minimum in the 24 hours, the maximum occurring dur- 
ing the day and the minimum during the night. 

Now, it is obvious at a glance that the morning and 
evening maxima would correspond to the jKtssage of 
the east and west edges of the solar connexion, or 
bond, which, being attached to the atmospheric parti- 
cles as well as to the land and ocean particles, would 
have a tendency, as it was transferred from one to 
another, to pile them up somewhat upon one another 
at those portions of the Earth's surface, where the 
strain of the connective filaments operated at right 
angles to terrestrial gravity, and where the only resist- 
ance, therefore, to such piling up would be the ran- 
tual friction of the atmospheric particles. The two 
minima, being about midway between the maitiina, 
would evidently correspond to the center of the tiolar 
connexion, where the connective strain would be di- 
rectly opposed by gravity, and where the rarer vapors 
ascend, and to the side of the Earth diametrically op- 
posite to the center of the solar connexion, upon which 
no connective strain whatever is exerted. The single 
maximum of the higher latitudes, with respect both to 
the Sun and to the Moon, at about the middle of the 
respective day of each, just as obviously corresponds 
to the north and south edges of their respective con- 
nexions, the central or denser portions of which pass 
but once daily over any place, and which would catise 
a slight movement of the air particles in latitude, as 
the east and west edges did in longitude: and the 
single minimum would JikenTse correspond to the opu , 
posite side of the Earth u\wn. which were uo sulaj '~ 
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lunar connexion. It seems quite unnecessary to dwell 
fui'Uier upon ibis, as the agreement of the actual plie- 
nomena with the theory is apparently complete, 

134, Cloud Zime».—\n further corroboration of the 
genwral theory, it may be noticed that the barometric 
pressure is somewhat greater within the tropics, and 
thai, the cloads are distributed in zones parallel to the 
Equator. M. L. Teisserence de Bort has shown, by 
charts based on observations matle at 700 stjitions, and 
on an immense number of observations collated by 
the Meteorological Office in Paris, "tl) that there is 
a marked tendency in all months towards a distribu- 
tion of cloud in zones parallel to the equator; (2) 
when disturbing influences are eliminated, it is seen 
that there is a maximum amount of cloud near the 
equator; that there are two belts of alight nebulosity 
from 15° to 35° of north and south latitude, and two 
zones of greater cloudiness betweeTi latitudes 45" and 
60", and that beyond this (so far as can be judged 
from observations in the northern hemisphere) the sky 
appears to become clear towards the Poles; (3) those 
zones have a marked tendency to follow the march of 
the sun's declination ; they are transferred towards 
the north in spring, and towards the south in 
autumn,"* 

It would also be inferred from the new theory that 
tlie upper currents of air of the equatorial belt would 
continually follow the movement of the primary and 
planetary connexions over the Earth's enrface — i. c, 
from east to west; and this by the best authorities is 
now admitted to be the fact. E. Douyliis Archibald, 
of the Krabatilo Committee, says: "Theory is natu- 
rally, perhaps, though still Koniewhat singularly, silent 

•JVofun, XXXV!, pp. IH-IB. 
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as to wliat is supposed to be the motion of the air in 
the upper regions of the belt, bounded by 15° on either 
side of the equator. Ferrel's equations are not very 
satisfactory for this space. . . . Tliat the wind 
tliere, however, still maintains its westward com|)onent 
under the normal conditions which accompany the 
north and south trades is plain both from Mr. Aber- 
croraby's and other observation." * 

135, Sky-glows. — An extraordinary terrestrial phe- 
nomenon seems to have placed this westerly equatorial 
current beyond dispute. On the 26th day of August, 
1883, occurred a frightful eruption of the volcano 
Krakatao,on the island of Java, in which 50,000 people 
lost their lives. Enormous volumes of smoke, dust and 
ashes were ejected upwards into the air for a distance 
of many miles. Almost immediately afterwards a|i- 
peared in the surrounding region the peculiar sunset 
glows which afterwards became so prominent nearly all 
over the world. Here is the sequence of the first 
appearance of this phenomenon in different parts of 
world, as given by Mr. Ralph Abercromby: 

"On August 26, the day of the eruption, ashes, 
lofty haze, or red twilights, are reported south of the 
equator, nearly 20" of longitude west of Java, from 
one station in Sumatra, just north of the line, and from 
near Formosa. 

"Next day, the 27th, similar phenomena were re- 
ported from many stations in the Indian Ocean, south of 
the equator, as far west as Mauritius and the Seychelles, 
wiiile north of the line strange appearances were 
reported for the first time in Borneo and Ceylon. 

"On the 28th, the haze and abnormal glows had 
extended to Natal on one side and Japan on the other. 
• Ifaturt, XZZ VL, p . U3. 
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" No important extension of the area is reported on 
August 29; but by the 30Lh unusual coloration of the 
sky is reported from various parts of tlio Soutb Atlan- 
tic and Guiana, and, what is specially noticable, from 
about the Ca)>e Venf islands, north of the equator, 

"On the 31st, another station in Brazil, and also a 
"West Indian island, report a strange look about the 
8un or sky ; while on September 1 the same was noted 
at Guayaquil, on the west coast of South America ; and 
in a quite unexpected locality, far away from there, — 
New Ireland- 

" September 2 was characterized by an outburst of 
colored sans all over the northern provinces of Soutb 
America; while between the 3rd and 4th of the same 
month the glows extended across the Pacific, both 
north and south as far as the Society and Gilbert Islands, 
and were reported from two stations in New Britain. 

"By September 5 the Sandwich Islands were reached 
while the outburst of glows in Southern India did 
not commence till about the 6th to 8tb of the same 
month, 

" The northward extension of the dust all this time 
was very small, and not widespread. Isolated phenom- 
ena are reported from Formosa on August 26, and 
from Japan on theS8th,but I am unable to say whether 
the glows which appeared in the Sandwich Ishinds 
on September 5, had come via Japan, or across South 
America, 

"Thus the general system of the dustUow apiMwrs 
to have lieen very simple. The great dust-stream was 
curried for the first twenty-four hours by the normal 
eauterly upper currents over the south-east traxle, at the 
extraordinary rate of about 120 niilea an hour, but 
hardly extended north of the line. Three da-j^ a.l^,K^ 



the eruption we Bnd the prtxlucts of Krakatilo in Gui, 
ana, the Soath Atlantic and also north of the line in flie 
Ciipe Verd lalunds. Just to the south of the latter we 
know that the south-east trade with its attendant upper 
currents, crosses the equator. Then all the north of 
South America was invaded; and six or seven daj's 
after the first outburst, the Pacific Islands — south of or 
on the line — were also overshadowed. 

" In fact we may say, that the great streams of 
Krakatao dust was carried nearly round the world by 
the usual upper winds of the south-east trade, in which 
the dust was first ejected, at a rate of about 120 miles 
an hour, and that the dust spread very slowly either 
north or south of the main current." * 

The most serious objection that has been urged 
.against this explanation of the sky-glows of 1883-4, is 
the enormous velocity with which the volcanic ejecta 
must liave been carried round the workl; a greater 
velocity, in fact, than had ever before been observed in 
atmospheric currents. A partial explanation of this 
was that the velocity of atmospheric currents near the 
E(|uator was shown by observation to increase with 
the elevation. But of this fact of greater aerial velocity 
at greater elevations there seems to have been no expla- 
nation offered, as Mr. Archibald in the foregoing quo- 
tation has observed. By the new theory, however, the 
explanation is obvious at a glance. The rarer and 
more volatile aerial fluids which ascend to the greater 
elevation are more easily detained by the nearly station- 
ary connexions of the Eai'th, As our planet performs 
its diurnal rotation, the connexions falling upon it 
remain absolutely fixed so far its that rotation is ooQ- 
cerned. The lower and grosser strata of air freelypermit 
'jv,uuir. sxxri, pi..»-«. 
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tho pnsftage throtigb them of this connective substance, 
hut the higher ;md higher strata, becoming more and 
more tenuous and of less and less momentum, vrould 
more easily suffer detention by the connective sub- 
stanoo, until, at very great etevations, the aerial 
tenuity would almost approximate that of the connec- 
tive substance itself, and so suffer complete detention. 
Thus while the Earth revolved from west to east in 
every 24 hours, the upper aerial regions remaining 
nearly or wholly stationary (but gradually partaking 
of the Earth's rotation more and more as the Earth's 
surface is approached) would seem to an observer near 
tho Equator to be moving with great velocity from 
cast to west. And, therefore, when the equally ten- 
uous and volatile smoke and dust of KrakatfLo were 
ejected into these slowly moving or nearly stationary 
upper regions it would be partially retained by them, 
and the Earth's surface revolved under it towards the 
east until, in the course of a few days, it had gained an 
entire revolution upon the ejeoted substance. Tims 
the extremely rapid apparent westward movement of the 
ejecta appears to be fully accounted for, while the north 
and south movement of the same would just as obviously 
require a much longer period because it would bo 
accomplished only by diffusion and occasional local 
currents. 

The remark is here ventured that epidemic disoasi's, 
such as influenza, cholera and tho Black Plague (the 
material cause of which, for anything we know to the 
contrary, may be partly at least the accumulation in 
our atmosphere of a peculiar connective suljslanoe fr-om 
the inter planetary spjices), are probnbly transmitted 
over the EaKh's surface almost precisely in a similar 
mjinner. 
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THE OCEAN TIDRS. 



136. CoTTipariaon of Uk Two Tlieorit-a. — The same 
general explanation nppliea to tlie ocean as to the 
aerial tides. The two tidal waves would correspond 
to, and, on the open ocean, would nearly always accom- 
pany, the east and west, etiges of the lunar or the 
terrestrial primary connexion. And the two tidal 
troughs or depressions would correspond to, and gener- 
ally accompany, the central meridian of the connexion 
(where the tide-raising foi-ce was directly opposed by 
gravity,) and the opposite meridian upon which the 
connexion did not act. Owing to the far greater den- 
sity of water, and the ease and rapidity of its wave 
transmission, these tidal waves and depressions would 
quickly assert themselves over the entire ocean surface 
contiguous to each connexion border, and so overwhelm 
or mask the minor single wave which but for this cir- 
cumstance would alone take place in the higher lati- 
todes. 

According to the popular theory of the tides, the 
the tidal wave is raised by the attraction of the Sun or 
Moon upon the central meridian directly beneath its 
orb, where it is directly opposed by the 12-million fold 
more powerful terrestrial gravity (Art. S9); whereas, by 
the new theory, the tidal wave la raised at theoastand 
west borders of the Earth as viewed from the tide-pro> 
ducer, and where the tide-raising force is ai right 
angles to, and therefore almost wholly unopposed by, 
the Earth's attraction. According to the popular 
theory, tidal waves and depressions are nearly always 
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dclaycil for relatively great periods; the " estflbliahmcnt" 
or "ttge of the title," i. e., the interval of time between 
the transit of the body which originates a tide and the 
jip{>earance of the tide itself, being supposed to vary at 
ditferent places from a few hours to several days. While, 
strangely enough, the "tidal interval " or difference 
between the time of high water and thnt of ihe 
transit of the tide-producer immediately preceeding the 
tide, is known rarely to exceed seven hours, the aver- 
age " tidal interval " being about six hours. Thus the 
"age" of the tide on the east coast of the United 
States is held to be about a day and in Cumberland 
Sound, Dritish America, nearly two days; while the 
new theory would make the age of the tide at both 
places about six hours, corresponding with the actual 
observed angle of separation of the tidal wave from its 
producer. As for the ports upon a western continental 
coast, such as London, they would by the new theory, 
have no proper tide at all, but simply a. branch or sec- 
ondary wave spreading outwards from the proper tidal 
»vavo in accortiance with well-known hydrostatic laws. 
137. 7'he Greater Tidal Wave Due to the Sun and 
the Lessor to the Moori. — Now if the now theory be the 
correct one, the solar tide ought to be nearly two and 
n half times as great as the lunar tide because tlio 
strain of the solar connexion upon the Earth is nearly 
two and-half times as great as the strain of the lunar 
connexion. In passing, it may he remarked that the 
.lerial tide due to the Sun is much greater, or is much 
more noticeable, than the lunar aerial tide, which, very 
obviously, is in direct opposition to the current theory 
and in favor of this view. In any event, this is just 
wh«t the new theory te-iches. not only with respect to 
lUo aerial tides, but also with respect U* v.\\& ■oKxaw.'i 
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tides. The greater tidal wave would bo owing to the 
SuD, and the lesser would be owing to tlio Moon. The 
terms of the ratio of the two tides would be almost 
precisely the same (though very differently derived) in 
the one theory as the other, but the new theory tAkes 
the reciprocal of the old for the new ratio. Tlie pull 
of the Earth's connexion with the Sun is such as to 
deflect the Earth from a tangent to its orbit about 
0.01 ft. in one second of time. The pull of the Moon's 
connexion with the Earth is such as to deSect the Moon 
from the tangent to its orbit about 0.00-147 ft. in one 
second. These pulls, by the new theory, represent 
exactly the tide-raising values of the connected bodies 
respectively upon the Earth, and, therefore, tlie solar 
tide-raising power is more than twice as great as the 
lunar tide-raising power, or the two have just about 
the same ratio as the actual tides. 

Now, tbe angular difference between the solar and 
tbe lunar tide at no lime exceeds sis hours, according 
to either theory. But — wbat is of the utmost import- 
ance in this connection — it will also be observed that 
the angular difl'erence of the effective directions in 
which the tide-raising powers of the two theories act, is 
also just six hours. From which it clearly follows that 
a change fnim tbe adoption of the central meridian of 
the Earth's hemisphere next to the tide-producer as 
the line of application of the tide-raising power to the 
adoption of the cast and west edges of that hemisphere 
as the lines of application of the tide-raising power — 
must necessarily involve the adoption of the supposed 
lunar tide as being due to the Sun. and of the supposed 
solar tide as being due to the Muun. In other words, 
it the lunar and solar tides are im the Hverago six hours 
ajiart, and if an error of jmt wx hours is shown Ig b^^ 
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involved by the present theory in the origin of each 
tide, a correction of the error would put the lunar tide 
exactly in the place of the solar tide, and vice versa. 
Now the new theory doe^ involve a difference of just 
six hours in the place of origin of each tide, as indicated 
by the present theory ; and, therefore, it follows that 
the adoption of the former instead of the latter theory 
involves the substitution or transposition of each tide 
as an effect of the producer of the other. 

138. Possible Olfjections Answered. — Ko doubt it 
will he at once objected to this view, that the tide now 
ascribed to the Moon can not Xya assigned to the Sun, 
for the reason that the two bodies do not travel at the 
same angular rale around the Earth, and. therefore, the 
Sun would not keep pDce with the tide as it ought to do 
if the new theory were correct. Kuw, it is a fact that 
the tidal wave approximately keeps pace with the Moon. 
The latter body cmnes to the meridian of any place about 
an average of 49 minutes later on any particuUtr day 
than on the prece*ltng day. and the tide also appears at 
any particular place in upproxi mate parAllcliam with 
the Moon's meridian passage at that place, while, of 
course^ the Sun coiner to tiie meridian of any place 
once in every 24 hours, and, therefore, out of all con- 
formity to the appearance of the tides. 

In reply to this apparently Very serious objection, 
we may first not« that there is only one tidal wave 
upon a hemisphere of the Earth at one time and but 
oiie also upon the opposite hemisphere at that time. 
In other wimls, any place upon the Earth has no more 
than two high tidos and two low tides in any 24 hours; 
and this although, according to either theory, there arc 
two tide- prod uoera each of which would cause two 
high tides and two low tides in about. tUaX: \'\n\ft, \v \% 
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to be borne in niind tliut a tidal wave due to any tide- 
producer would cover very nearly a whole oceanic hem- 
isphere of the tide-bearer at once. We know ihia from 
the fact that, at any particular place it reqiures about 
5 hoars for any tide to flow and about C hours for it to 
ebb. Now since there are two tide-producers each of 
which alone would cause two tidal waves, it follows 
that the utmost angular distance between the crest of 
one wave and that of some neighboring wave would 
not exceed 90"; and even at this maximum distance, 
the one would lap considerably over the other. 1q fact 
it apjjears that, even at this maximum distance, the 
crest of each wave unites with that of the other at some 
intermediate point to form a single tidal wave with a 
single apex at that point; and thus it happens that, with 
the two tide-producers, there are but two tidal waves. 
In the more elegant words of Sir John Ilerscliel — "Tho 
actual tide-day, then, or the interval of the occurrence 
of twosuccessive vutximaoi iheir superposed waves, will 
vary as the separate waves will approach to or recede 
from coincidence; because when the vertices of the two 
waves do not coincide, their joint height has its maxi- 
mum at a point intermediate between them." 

Here, then, is the explanation of the nonconformity 
of the tidal wave with the Sun's apparent motion. The 
wave does not, as a matter of fact, conform generally 
either to the Sun's apparent motion or to that of Llio 
Moon: itnearly always conforms only to the apparent 
motion of a variable point either between the two bodies 
or between their tides. Let us suppose for illustratiou 
that the Sun and the Moon are together; in which case 
the tidal wave confonns lu the position of both bodies. 
Suppose now that the Moon moves some 30" in advance 
of Ibe Sun ; tlieii the a^ex. ol \,\i»i XX'i.c -wiiuW alsu movo 
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in advance of tlie Sim cotiforniahly to a point between 
tlie twobtjtlies. This would obviously cause a lagging 
of the tide behind the Sun at any particular place u[>on 
the Earth. If the Moon moves iiO^ in advance of the 
SuD, then the iipex of the tide also moves still farther 
in advance of the Sun, and there wonlil be still further 
lagging of tiie tide behind that body. As the Moon 
moved away from the Sun, the height of the tidal wave 
continually diminished; bo that when the former was 
90" in advance of the latter, the tide was at its minimum 
height. After the Moon's distance from the San 
©xecetlwl 90", the fonner a|>ex, still advancing, would 
continue to sink still lower, and a new ai>ex would 
form still further in advance in conjunction with the 
opposite solar tide. This new apex would increase 
in height and advance rapidly with the Moon at 
first, but more slowly as the Moon's distance 
from ihe Sun neared ISO"; at which positions the 
tide would be again at its maximum height, and its 
apex would again conform to the )>ositions of. both 
bodies. Thos, between conjunction and opposition of 
the two tide-producers, there is a continual advance of 
the tidal apex from the Sun, and therefore a continual 
lagging of the tide behind the Sun iit any par- 
ticular place upon the Earth. In fact, in h,ilf a 
synodic revolution of the Moon, or about 15 days, 
the tidal apex advances from west to cast around the 
Earth, a distance of 180*^, or just the same distance 
that the Moon moves around it ; so that the Moon iiml 
and the tide, while not maintaining a parallel conform- 
ity throughout, yet move uround the Earth at precisely 
the same rate on the average. From opposition back 
to conjunction, the same reasoning would apply ; and 
just the same movement of the opposite t-vii^iX. -s-Ksjii. 
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nround the Eartli would take placu us that oF tbu una 
we have considereti. Mtiny cireumstuucus woulil modify 
this general resalt, however, such as the varying dis- 
tancoD, of the tide-producers, implying their various 
uiigular velocities around the Earth, ami con80(|ueDtly 
various stmins of their connexions upon the waters 
causing various heights of the tides. 

Generally, according to this theory, the groater 
amount of htgglng of tlio tides behind the San would 
\)o at tiie Moon's quadruluie, of when the tide Is at its 
minimum height, and the least amount of hi^ng of 
the tidu wouhl he at the syz-ygies, or when tho tidu is 
uT. its maximum The amount of lag would thus theo- 
retically vary from a few minutes up to about two 
hours in a |H.>rlud of 24 hours, which appears to b« 
fully borne out by actual observation. 

139. Con-ijhoniiiw J'hidencefrom hdandSea Tiil*t. 
— It is only on the ocean surface, however, that, itt 
great angular distunces, iho crests of iho lunar and of 
the solar tides would blend into one common apex. 
U|ion hikes and inland seas, tides would he pruducwl 
by one only of the two bodies when they are about 80° 
apart, bccuuso tho area of tlio water surface is bo stnalt 
that when one bo*iy would be in a position to prodnoo 
a tide U|H>H it, tlie tide-miaing effect of the other body 
would be ^huL out by the land siirfucu surrounding the 
wattir. Thus, under these circumstances, tbe tide of 
one body would be i»olnted fn)m that of the othcr.and 
if the new theory is the correct one, the »olar iid« would 
be the larger of the two, and would occur regularly 
twice every 24 hours. 

Now, upon most lakes and inland seas the tides oro 
HO small, owing tu tlicir email areaa, aa almost to «Ka|M 
ilutoctloD. Uoiloubtodly Uie utosl faromble plooo /or 
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making nn obsorvntion of this kind upon the wholo 
aurfaceof tlic gUtW. is the Mediterranean Sea,uti(l U|ioh 
tliis great inland seatliese very facts have been observed 
— to the no sninll nsUmisliinent of the physical a^trono- 
mor. On the 8th of AogUBt. 1887, M. Bt5rautl read a 
paper before the Paris Acatlamy of Science on " The 
Tides of the Tuni«ian Coast." The following quota- 
tion is made from ud abstract of this paper in Nature 
of August 18, 1887 {vol. x-xxvi. p. 3S3). 

"The ol)6ervations made during the hydrographio 
survey of the const have enabled the author to study 
Uie tidal inovcnieiit, the existence of %vhich in the RulF 
of Gabos and on the adjacent w^aboard has lung been 
dvmouat rated. These tides appear to bo tiio most im- 
portant and regular in the whole Mediterranean basin ; 
but they are pcrcnpliblo only on the section of the 
ooast south of Mcbediub. They contintialty increase {tt 
magnitude as far as Gabes, where tiioy acquire a inaxi- 
raam of 2 moires at the mean spring tides, thenoo 
decreasing to 1 metreat Zarzis and on the Tripoli fmn. 
tiBr. 7Re tiiliU wniw ajjjjeara to cmnc from the east, 
the mean ptirwd hewing apparentli/ ahout S^ houTS. All 
the observed circumstjinccs would seem to show that the 
relation of t^e lunar to the solar wfire ia Icfi than that of 
IfnahaoliUa actions of the tmti and ntoun." 

Thus, then, are the new theoretic deductions in an. 
other important instance fully borne out by actual obser- 
vation. (Ifoouraewearenot without otlierobscrvalions 
corrolK)rating these deductions. As already noticed, the 
chief aerial tides which aro indicatwl by the barometer 
are all traceable to solar at-tion ; * while the aerial 

*U appi>nr« ihnt nyH-ntly tbo orrlal tliira am wcilticd Uioilaruiil u-t- 
nalrlnl mUnMin. nrlivr timn to lliir l^in'* tUal ■nUiin. Thu Sun'i h«t ud- 
ilrtutifflJr would prrKtuca anmo dloRl Ujuin Uid tterlh'l ■ImcaplICK; tiii( 
H(Dlt«ut»I UwSua^UdalaoUuD would mil Ueuiuatpn 
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tides traceable to the lunar iniluunce is so very faint us 
to be barely poreeptibie ; although according to ilie 
current ilieory, the lunar tide, aeriel as well as oceanic, 
ought of course to be more than twice as great as the 
Bolar tide. 

140. VUa/rdaHce of the Present Tidal Theories. — 
On the whole, it now seems that all serious objection 
to this connective theory oE the tides is fairly and 
squarely met. While on the other side, the confusion 
and admitted inadequacy of the present tidal theories 
lend ii no little 6up|H>rt of a different character. 
"There is no present theory of the tides which an- 
swers all the requirements of tida! phenomena. Tha 
' Wave Theory ' of Sir G. B. Airy fails in its applica- 
tion to the open ocean. The ' Dynamical Theory ' of 
Lapliice fails in its upplication to shallows, estuaries, 
and rivers. And the ' KquiUbrium Theory ' of Newton 
and Bernouilli is pronounced simply 'contemptible' by 
SirG. B. Airy."* 

nrat, and clearly traociblc. Indeed thia ii ataown lo be renlly the CHsa liy X. 
A. Aagat. of tbe Fntach Meteorological Office, ntio hiu pttbllshed In tbe 
Annairt at that Oflloe. a verr carcrul illscuwliiii i>f t>>e illiinial ninm of the 
tnromuter.bUcilupuiittaobcBtarHllBblediiUrornlllMrteutllieRKibc. "At- 
tar IwvlaB given tbc monnraDge for each ranDtband fur the ycnr. Iir hasi'jil- 
culaUrd thcimpliliirles aail iibRsesof tlie first (uurMnipleharniimic i>sGllla> 
ttuna lutfl which the cnniplei oaDlllation of the borDmetrlc iiiiii tmi mujtc 
TOKf be resolveili and wliich mar be canaldereil a« the rMiillunt of itii- ^uiht- 
poiltlnn of two waves of different origin and ohamcler. One nf Wxeae, 
vhwh tliHKUthnr tctnia llie tbcrniic wave. Is of a morenr IraF<c riii|>li<'ni>ii 
torm inBll|ii»nuice.and iseiurtlreiplalnedtiBtMliutpnMluiieil by ilm ilimnnl 
mrlaUoaot lempenturc, and bjr the dlfferencM that tills rarliilloa |.nfcnlA 
bPtWHin neliblHirinE sliitluiia. The other, Ihe prtni^liml Mitiil-illuriiiil it irSi 
tor which he has given the niimerioal law, iireaentti a rawli more slmiila 
fnrm.andlsnat Rlalliitrec'ted by lucnl conditions. It Is pcoalbly (irodUEiMl 
bytbocnlorlflo action ot the sun upon t)i« iiiipirratraLi <>ri,h«alnii>aphrTCl 
but, iw the author Btnlea. thia Is atlU only un liyprthpsia. and ihcitiFory of 
this part ot the phenuoiDnon rrmolus to becat4iblithed."-ff<itiirr, XIJ,MI, 
• Prof. Alexander Wlnchell. WoriA-LVi. p. SK. 
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CHAPTER VIII. 

TEHRESTRIAL ELECTIIICITY AND MAGXETISM. 

141. Tlte Idea of an " hnmaterial Substance." — Lei 
us examine more closely the concepiion of the Eaiili 
which the new theory implies. Our ^lobe revolves 
annually around the Sun in nhat is called the plane oF 
the ecliptic ; it also rotates diurnally u|K}n an axis 
which is always inclined from a perpendicular to this 
plane at an angle of about 2.3^**. The popular theory 
is that the Earth is substantially isolated from nil 
other iieavenly bodies ; that it is held to the Sun by a 
socidled force of gravitation, orinimaterial thing which 
is capable of acting ujMan it through millions of miles 
of i»erfectly empty space ; and that the heat of tlifi Sun 
and the light of the Sun and stars, which are diffused 
equally in all directions, are transmitted to it by the 
vibrations of an imaginary and unaccountable univer- 
sal ethereal medium, which the researches of recent 
years have compelled a belief in as an indispensable 
vehicle for the ti'ansraission of heat and light phenom- 
ena. U seems quite impossible for the mind to grasp 
any conceivable mechanism which would serve as a basis 
for such conceptions ; and, as an apparent consequence, 
they lead to a great deal of mental confusion. It may 
b«, as Prof. Huxley says, lluit "an immuierial tubstance 
18 ptrrfectly conceivable," and "may have any conceiva- 
ble properties;" which propositions, he says, "may be 
ftfBrmed with complete dialectic safety inasmuch v& 
Uiey can not possibly be dw^rovwi." "^viV, N-OaaNKs-at 
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may be the "dialectic safety" of their affirnmlion, 
their essential elements seem utterly to elude Iho grasp 
of the intellect. An ■emmaiemil siihstance appears to be 
about OS intelligible or conceivable ss a cold heat, a void 
plenuf/t, or a ilack white; each of which, in plain wortis, 
is a contradiclioa in terras, and can not, therefore, be 
regarded as conceivable in any proper sense of that 
word. But such are, nevertheless, the so-called concep- 
tions by means of which many phenomena are sought 
to be interpreted, and hucIi appears to be that in tlie 
popular theoiy regarding the Earth's cooneoliuD with 
I be Sun. 

142. Difercntiatlf/n of the Mtrrlh'v OuniiarlonB.-— 
According to tbo new theory, the Earth is the center 
of myriads of material connexions or bonds with other 
heavenly bodies. Those envelop it on all sides in what 
may be termed a connective atmosphere, which, &s far 
as the daily rotation of the Earth is concerned, remains 
fixeti, and in which the body of the Earth and the 
atmosphere proper, or the air, performs its diurnal 
rotation. The connective atmospiiere, as already 
intimated, is much rarer than the air; so much so, in- 
deed, that when the air is about all extracted from a 
space near the Earth's surface, it is said to be an 
empty space or vacuum, although all of thcconnoctive 
atmosphere which the space originally contained still 
remains in it. Therefore, the friction which the rotar 
tiou of the Earth in the connective atmosphere would 
engender, would reasonably be very small indeed; but 
still, the connective atmosphere being material, tbero 
is supposably a certain amount of friction. Now the 
individual connexions which make up this connective 
atmosphere are supposed to differ materially from ono 
another, and the dej^rco of "iiffucmtco Tory profaal 
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corrospords to the degree of rctationsbip of the con- 
necteil bodies with the Earth. Tims the groeser con- 
nexions would be those with the Sun and the Moon, 
which are respectively the parent and offspring of our 
world, the next in grossness would be those with sieter 
planets and our grand-sun, then those with oar grand- 
grand-sun, sister suns, and the satellites, and bo on 
back to the remote bodies of the Sidereal SyBlem, and 
perhaps even to innumerable other sidereal systems. 

But, as already intimated elsewhere, although the 
connexions are supposed thus to differ materially from 
one another, it is not implied in this that any indi- 
vidual connexion is composed of a form of matter 
uniformly different from that of any other connex- 
ion. On the contrary it is reasonably supposahle that 
each connexion, ami especially each of those with tlie 
bodies nearly related to us, is made up of many differ- 
ent forms of matter liavingdifferentdegrees of gross- 
neas. These forms we may designate by the ttTin rays, 
such as tension rays, heat rays, light rays, etc. The 
supposition involves only that the grossest rays have a 
tendency to diminish with diminished degrees of rela- 
tionship, until there would be in the connexions with 
very distant bodies-exlremely little, if any, of such 
rays, and chiefly or only those more delicate rays wliich 
transmit to us light, or perhaps only the more delicate 
kinds of light, or even still more delicate kind of motion, 
of the existence of which we have no pcrccpLion what- 
ever. The most delicate rays may exist in the grossest 
conm<xion, but not so the grossest rays in the most dis- 
tant connexions. 

Another probable circumstance is that the nature 
of the connexions changes rapidly with the degi-ecs 
of relationship, and especially with \.Ue wewt?^ ^t■^^»■^ 
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Bi> that the Earth would be profoundly alTected, at 
least with respect to other phenomena than light, ouiy 
by the nearest related bodies. Kow, all of the bodies 
nearly related to the Earth, such as the members of the 
Solar System, of its sister systems and of the primary 
around tvliich the latter imniediati;ly revolve, are all 
supposed to lie in, or very nearly in, the plane of the 
eoliptic. The Earth, in its diurnal rotation, is contin- 
ually swept by the connexions of these bodies, and we 
shall shortly lind reasons for believing that it is to the 
variations of these connexions, or of certain elements 
of them, or to some influence clearly attributable to 
them, that the hitherto mysterious phenomena of ter- 
restrial ma^otism are due. And this not only on theo- 
retic grounds, but also from the actual observations of 
the most eminent students of this subject. 

143. Relation, of the Magnetic Poles to the PUfMSof 
the EarW$ Motions. — If a straight line perpendicular to 
the planeof the ecliptic should pass through the Earth's 
center, it would pierce the Earth's surface in the North- 
ern Ileniisphere 234° t™ one side of the geographic pole, 
and in the Southern Hemisphere 23J" on the opposite 
side of the geographic pole. Now, when we know from 
actual observation that this is almost exactly the position 
of the Earth's magnetic axis, the North Pole of which 
is near the Arctic Circle in North America, and the 
South Pole of which is near the Antarctic Circle south 
of Australia, it seems unequivocally to refer the cause 
of the Earth's magnetism to the plane of the ecliptic, 
in which, as we have seen, those connexions lie to 
which, by the new theory, the electric fluid is si^jposed 
to be attributable. 

Without further preface, the explanation of terres- 
trial magnetism suggested ^15 \j\ie Tit-w theory is a3 fol- 
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loves: — The connexions of the bodies mentioneil are 
continually varying in quantity upon the Earth, owing 
to continual variations of the distances of these bodies 
from the Earth, and, to a certain extent, jierhajis, t<> 
other causes. The connective lluid of these connex- 
ions penetrates the Earth crust to an iniierinile depth ; 
and, if aggregating upon the Earth, it wouKi he liber- 
ated in that crust, and, flowing at first in the direction 
of least resistance, directhj away from the ecliptic 
plane in which the pressure is exerted upon it, would 
thus give rise to the observed earth-currents. Aieay 
from the ecliptic plane means either north or south of 
it; and really it would make little practical ditfeii^nco 
wiiich direction is taken, but the path'sbeing once deter- 
mined would make it easier to follow tliereafter. In the 
case of the Earth, either all, or the greater portion, 
of the fluid at first appears to have traveled northwards; 
and thus, perhaps by mere chance, became permanently 
established in this direction. As the connective fluid 
continually pours inwards upon the Earth and north- 
wards through the crust, and as it approaches the 
farthest point of that crust from the ecliptic plane, it 
becomes concentrated owing to the curvature of the 
Earth's surface, and partially escapes from the crust 
into the atmosphere. Tliis partial escape of the fluid 
would continue and gradually increase in amount until 

[tlje farthest point of the crust was reached, where the 
^bainingand relatively greater (lortion wouM csca)ic, 
H thus establiah the Korth Magnetic Pole. The 
Hnispbore at the north becoming saturated, the fluid 
Vould find its way southwards on all sides of the Earth, 
and crossing the Equator would bo again concentrated 
by the Earth's curvature, and therefore would partially 
escape into the Earth's crust, and so (»Va!o\\^ ^^v* 
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Suutli Magnetic Pole. The earth-currents again flow- 
ing nortinvards towards tho Nortli Magnetic Pole, tli© 
circuit woultl be complete. It the connective fluid be 
leaving the Earth, instead of arriving upon it, the con- 
ntixion suffering the tension would be supplied from 
the eailh-cur rents, just as in arriving it was supplied 
to them. Tiiis extremely simple explanation would be 
still simpler if the Earth had been considered as we 
find it, and not as at the beginning of the formation 
of the electric circuit. But the current onue estab- 
lished either in a north or a south direction would 
thereafter be permanently established in Ihatdirectioii; 
as the flow in one direction or the other would be 
continual. 

It appears to bo the belief at the present lime that 
the electric fluid ascends at the Equator and there di- 
vides into north and south streams which descend into 
the crust near the Pules. Actual observation, however, 
appears to contradict this view. Thus from the Report 
of the magnetic results of the Chidlenger Expedition it 
is found: — "(1) That in islands north of the magnetic 
equator, the north-seeking end of the needle is gone^ 
ally attracted vertically downwards, and horizontally 
towards the higher parts of the land; (2), south of the 
magnetic equator the opposite effects are observed, the 
north-seeking end of the needle being retielled: in both 
cases liy an amount above that due to the ptiSitioD of 
tlie island on the earth oonsidei-eil as a magnet," • 
This seems clearly to show that, if north of the mag- 
netic eqiiiitor the currents are ancending, south of it 
llicy mast be lUticending in onier to pi-otluce the ob- 
served opposite effects Ufnm the needle. 

144. TfieEiirtA a Magnet. — In fact the Earth is a mag* 
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net, and its electric currents are apparently the perfect 
analogues of those of a magnet. If we take a common bar 
magnet and place over it a sheet of paper or gloss, upon 
which is sprinkled promiscuously some iron filings, a len- 
tlency of the filings will be noticed to arrange tliern- 
Bolves in determinate lines. Being hampered by the 
friction against the paper they cannot freely follow 
this tendency; but by tupping the sheet they are 
released for a moment and are thus permitted to 
obey tiio magnetic force. They thus become arranged 
in beautiful curves or semi-ellipses extending from pole 
to pole. These are the "magnetic curves" whicli have 
been so long familiar to scientific men. Prof. John 
Tyndall tells us that " the aspect of those curves so 
fascinated Faraday that the greater portion of his intel- 
lectual life was devoted to pondering over them, lie 
invested the sfiace through which they run with a kind 
of materiality; and the probability Is, thai the progress 
of science by connecting the phenomena of magnetism 
with the luminiferous ether, will prove these ' linesof 
force ' as Faraday loved to call the magnetic curves, to 
represent a condition of this mysterious substratum of 
all radiant action."* Now this is just what the new 
theory does, except that instead of an imaginary- lumi- 
niferous ether we have the Ruidof the Earth's connexions. 
The groundcurrents of the Earth flowing northwards 
and escaping into the air chiefly about the North Mag- 
nt'tic Polo manifest themselves in the "auroral circle." 
The Northern Lights would therefore be the electric 
currents of the Eartli ascendi ng into the air preparatory 
to their journey southwards in that element. Their 
visibility would be owing to tbetr concentration in the 
north by the Earth's curvature; hut a& thoy move 

•Ilianl>"l-U Lirtraru. Vol. rV.p.30. 
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southwards, they spread over a greater area, become 
more diffused, and so become invisible. It is this elec- 
tric flow southwards through tbe air that would deter- 
mine the direction of the magnetio needle; which is 
simply another magnet almost exactly similar to the 
Eiarth, having similar electric currents circulating 
northwards through l/^ surface, from which they escat>e 
into ite atmosphere, and there pass southwards to the 
opposite hemisphere, or pole, of the needle, and so com- 
plete the circuit. Tbe atmospheric currents of the 
needle would evidently be disposed to arrange them- 
selves paralM to the atmospheric currents of the Eai tb, 
as this arrangement otTors the least resistance; and this 
paralUrl^sm of the needle to the electric currents of tbe 
Earth, throughout their entire length and their various 
positions will be seen, from a very cursory study of 
the " miignetic curves," to determine both the dip and 
the declination of the needle. 

According to Werner Siemens, all bodies are filled 
with such circular currents, and magnetic bodies 
differ from non-magnetic bodies only inasmuch as the 
number or quantity of circular currents present in the 
unit volume is much greater in the first case thau in 
the second.* This might account for the attraction 
by the magnet of non-magnetized substances, such as 
soft iron. But perha))s we may find other causes for 
this attraction when we come to examine the actual 
molecular mechanism of these phenomena. 

145. Irregular Courgeg of the Ten-estnal Magnetio 
Lines. — As the magnetic poles of the Eurth do not 
coincide with tbe geographic poles, so neither will the 
magnetic meridians and equator coincide with tbe geo- 
graphic meridians and equator. Therefore the course 

'no. M.vj., April, 18*G; Jour. Phim«,Sev^«»^<.V**6. 
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of the atmospfaeric electric currents to tlie South Mag- 
netic Pole woald be somewhat anomalous, geographic- 
ally considered. But whatever direction these electric 
streams would take, the magnetic needle adjusts itself 
parallel to them, and points in the direction whence the 
currents come. As the currents move southwards over 
the Western Hemisphere, since the Pole towards which 
they move is situated in the Eastern Hemisphere, they 
would be deflected both eastwards and westwards, in 
somewhat diagonal courses towanis their destination. 
East of this place of divergence, the needle wouhi point 
westwards; west of it, the needle would point east- 
wards; and in it, the needle would point due north. 
Similarly, in the Eastern Hemisphere, there would be a 
confluence of the previously divergent currents, along 
the line of which the needle would point due north, east 
of it, eastwards, and west of it, westwards. Those 
lines of divergence and confluence would be the lines 
of no declination. Their courses are not straight, hut 
veer irregularly eastwards, especially the line in the 
Eastern Hemisphere, These irregularities in their 
courses would be probably owing partly totheecjuator- 
ial protuberance of the Earth, to various irregularities 
of the land surface, such as mountain ranges and ele- 
vated plateaus, and also to the nature and direction of 
the air-currents tlirough or in which the electric currents 
move. 

The eastern line passe-s southeastwards through the 
"White Ben, eastern Russia, the Caspian Sea, Pt-rsia, the 
Arabian Sai, then veers eastwards through the Indian 
Ocean, passing southwards through the western part 
of Australia to about the Antarctic Circle. A strong 
corrolwration of this material current theory is here 

t with in the effect which the InCVs \i\a.Vr-«is. -kr^ 
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moantain ranges have upon their suppose*! course. "We 
see how the present eastern line of no declination 
avoids tliese obstructions and aiterpassing around them 
along the low lying regions, veers suddenly eastwards 
about to its proper position. More than a century ago, 
the line passetl around on the eastern side of those 
mountains and plateaus; but as it moved gradually 
westwards, it became divided by the obstruction and 
passed around it in both directions. Th«re remains 
even to-day an isolated oval area of western magnets, 
including the Japan Empire and portions of eastern 
Asia; which would evidently be owing to the down- 
ward sweep of currents from the west which had been 
deflected upwards into the cirrus regions by the lofty 
mountain ranges. This isolated region is continually 
decreasing in size ; and as the line moves farther west- 
wards, will eventually disappear. Indeed overall of this 
region, the deviation of the needle is very slight; so 
that from the CaspianSea to the Japan Sea, the needle 
points almost due north. That is, the direction of the 
needle is chiefly determined by the electric currents 
originating in these regions themselves. Thus there 
seems to be every reason for believing that if the 
whole of Asia were as low as its northern portion, 
the line would pursue its normal southeastern course 
unaccompanied by any peculiarity of loops or isolated 
ovals, and that the Earth would be about ('(]ually 
divided into two hemispheres of eastern and western 
magnets. 

In offering this view of the deflection ftf atmus- 
pheric electric currents, it is of course not unknown 
tliat the height of these currents is hold by many emi- 
nent observers to he much more elovated than the 
highest range of mounlain8onUu-.u,Vubc, M. FHigel oal- 
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cnlated the heights of several auroraj which appeared 
in the autumn of 1870, and concluded that only the 
very lowest parts of the auroiu came at all within the 
limits of the atmosphere; be gave the actual limits 
as 150 to 500 kilometres. M. lieimaun found a height 
of from 800 to 900 kilometres for an aurora on October 
95, IS70; and Baron Nordenskiold came to the conclu- 
sion that the mean height of the aurora was about 200 
kilometres, or more than twenty limes the height of 
the highest mountain on the Earth. The opinion is 
here rentured, however, that some error may possibly 
vitiate these calculations. In support of this it may be 
stated that the mbre recent observations give much 
smaller values to the heights of the electric currents. 
From observations made at Godthaab, by M. Paulsen, 
and near Cape Farewell, in 1S85, by MM. Gaixle and 
Eberlin, the heights of the aurone were found to range 
from O.fi to 07.8 kilometres, and from l.C to 15. ."j kilo- 
metres, respectively. And the Swedish International 
Exhibition, at Spitzbergen found the extremes of these 
heights to be 0.6 and 29.2 kilometres. M, Paulsen givea 
accounts of several appearances of aurora? beneiith the 
clouds and the summits of mountains;* and M. Ihlde- 
brandsson has seen aurorse in a completely clouded 
skj-.t 

But perhaps the most conclusive observation con- 
firmatory of a low elevation for the electric currents is 
the following : '• Arsuk Fiord is in 61" 15' north lati- 
tude. This fiord is 2 miles wide by 23 long, und its 
sliores are steep rocky cliffs, from one to four thousand 
feet high. Midway of its length, on the south side, lies 
Ivigtut. At this station the aurora light begins with a 

• In » pai>«r read twforo tbo Koyul Duiltli Aciuloniy. Pubmary, U8tt, 
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development in the west over the north of the fiord, and 
as it progresses eastward follows the direction of tie 
fiord, sometimes covering its entire length, and Laving 
outliers over the smaller arms of the fiord ; bat ordin- 
arily the western part of this auroral band disappears 
before the development has extended to the eastern end 
and new bands of light come again from the western 
end eastward. The phenomenon is best dev'elo|>ed at 
two hours after sunset, and appears then to be near the 
Earth's surface, occasionally only 1000 feot above sea- 
level,"* In fact, the electric currents of the atmosphere 
are here observed to have their courses modified by 
elevated obstructions in a manner'precisely similar to 
that which the irregular course of the eastern line of 
no declination has led us deductively to expect. 

146, The Diurnal Vartadon of the Mayndtc 
jVeedU. — There are four different kinds of variations of 
the magnetic needle, the diurnal, the annual, the irregu- 
lar and the secular. And on tbe basis of the foi-egoing 
views, each of these readily admits of an explanation 
which seems really beautiful in its simplicity. 

We have already noticed liow liie edges of the Sun's 
connexion would originate two aerial waves or tides be- 
tween which would be two aerial troughs or depres- 
sions; and also how this is shown to be the actual fact 
by the barometer. We have bere to observe that the 
diurnal variations conform exactly to these aoritU 
waves and depressions. Tbe barometric maxima are 
at 8 to 10 A. u. and 8 to 11 r. m., and the minima are 
about equidistant from these hours. Now M. Arago, 
from a careful series of observations of the magnetic 
elements, deduced the following results; "At about 

'ZeittehrVI dar Oetlerrelrhitchrn OautlMcha/t fib- MeUnroI'vlt. Xt'«- 
/>. 3S0; Prof. Clut-elanil Abbv. An deciiunl of lAc Frw/nm in MtU-trntogt/ in 

a* r«ar lies, j,. !v. 
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eleven at night the north end of the needle begins 
to move from west to east, and having peached its 
greatest easterly excursion at about a quarter past 
viylit in the morning, returns toward tbe west to attain 
its greatest westerly excursion at a quarter past one. 
It then moves again to tbe east, and having reached its 
greatest easterly excursion at half-past eight in the 
evening, returns to the west, and attains its greatest 
westerly excursion at eleven, as at starting," " 

A moment ago we noticed how tbe electric currents 
are prone to follow the low-lying, and therefore denser, 
ixjrtions of the atmosphere by avoiding tbe elevated 
mountain ranges and plateaus of central Asia. We 
now notice a similar tendency of the electric currents 
to follow the denser aerial waves or tides, rather than 
tbe rarer aerial depressions. At about midnight we are 
in tbe middle of tbe aerial depression; but the morning 
aerial tide is advancing in the east, into which the elec- 
tric currents have collected in tbe far north, and from 
which they spread out laterally on both sides of the 
wave on their way southwards. From about midnight 
to 8 A. M., therefore the needle would point more and 
more eastward into partial parallelism with these branch 
currents. At 8 a.m., when near the center of tbe tide, the 
eastward deflection is at a maximum. Then tbe center 
of the wave passes, and the needle points westwards 
towards parallelism with tbe lateral currents issuing 
from its eastern side. At about mi<lday tbe needle is 
again in an aerial depression; but the evening tide is 
advancing in the ea^t, towards which the needle again 
turns. Near tbe center of this wave or at about S i'. m, 
there is another maximum of easterly declination. 
After which tbe needle again followa the wave we.st- 
ward to about midnight, as before, 



312 A NEW TUEOEY, 

Tills remarkably direct evidence in favor of the 
views bore advanced, is also strongly corroborated by 
tbe phenomena of aurora and atmospheric electricity. 
'When tbe aerial tide is over a place, the aurone are 
at a maximum. At Cumberland Sound, N. A., tbe 
greiiter numberof aurora? always occur atabout 6 a.m., 
iind 10 p. M.* And the maximii of electricity id the 
air, as determined from sis months observation at the 
observatory of Lausanne, are approximately at 7 a. m. 
and 9 p. u.; and the minima are at 3 to 5 p. m. and 3 
to i A. M.\ It sliould be home in mind lliat tbe tidal 
wave does not occur at different places on the same 
geographical meridian at the same time except during 
Ihe equinoxes, llence arise the slight differences in the 
hours of the occurrence of auroral and electric niaxima 
at places having the same longitude. When allowance 
is made for tbis circumstance, the maxima of tbe anro- 
riu! and atmosplieric electricity appear to corrc8|K>nd 
exactly to the passages of the aerial tidal ivavcs. 

In still further confirmation of these views, it is 
observed that, in accordance with tbe single diurnal 
barometric maximum of high latitudes — i. e., the mid- 
day aerial tide caused by the pulling southwards or 
Dorthwai'ds of tbe air particles by the northern or the 
southern ctiges of the Sun's connexion, and the mid- 
night depression corresponding to the absence of this 
connexion — we have from the observations of aurora 
at Godtbaab, by Professor Kleinschmidt in 1865 to 
1S80, a southward movement of ihe auroral zone during 
the (lay and a m/rthnourd vwvement during the ni^fU. J 

• Orrny Tftfl Sherronn. Pru/. Pop. U, S. S. S.. No. XI, p. IM. 
tProf. il. Duf'iiir, ZrUvhri/I iler OfJrterrrteljtorhen OoKbilutft fVf 
JUcIrnr'iIuiHe. Vol. XIX. P. Iffl. 

I Prof, tkiiiliua Trombnlt. Om JVurriluKli pnfwtn; JCtltMhri/l ilxr Oa(«r- 

tlcJiOehtn (laatlMlu^l /ui Udt<iT;>U>ui'.Vul. XXlll. f.soe. 
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Moreover, although it ia the chief agent, it is not 
the Sun alone that affects the terrestrial magnetic and 
electric elements; for 8abine has discovered that the 
Moon also (as by the new theory we should naturally 
expect, and in about the ratio which that theory 
assigns) has a distinctly traceable and similar connec- 
tion with them; the lunar effects in the lunar day 
being the analogues of the solar effects in the solar 
day.* 

147. 7^€ Annual. Variation of the Magnetic N^eedlf- 
— The annual variation of the magnetic elements is 
chiefly a modification of the diurnal variation. Thus 
in the summer season of the Northern Hemisphere the 
daily variation is about twice as great as in the win- 
ter. This is evidently accounted for by the solar con- 
nexion sweeping more directly over ihis hemisphen; at 
this timt3. Tlie maximum tidal effect of the conneiiion 
is at tho wigos; but it is the aerial tides of the east 
and tlie west edges that would chielly carry the elec 
trie currents, because the dii-ections of the electric cur- 
rents and i.hese edges approximately coincide. In onr 
p-.':Timer these edges of tlie solai' connexion are chielly 
in the Korthern Hemisphere, and therefore we have a 
maximum diurnal variation. In our winter these 
edges are chiefly in the Southern Hemisphere, and 
therefore the maximum diurnal variation is then in 
that region, and we have our minimum diurnal vari- 
ation. 

It has alreaily been observed (Art.38) that there are 
maxima and minima of aurora: corresjtonding to the 
maxima and minima of sun spots and of the planetary 
Factor of the connexion-variations upon the Earth, liut, 
as the Kidereal factor of the connexion- variations ujwn 

tnf K, A. rnwtui. lfuIB^)l>« J.IInaru"I ScV,i«(,N<s\-\\,V-'*. 
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the Eartii is shown, by the phenomena ol" utmospheric 
preoipitalioD, to predominate over ail other factors, it 
would seem that there should also be a maximum and 
minimum of atmospheric electricity corresponding to 
tite variations of this factor also ; that is, a maximum 
some time in the first half of the year; and a minimum 
in tlie last half. And tbisappeai's toconforiu precisely 
with the facts 80 far as they are known. Thus it Uas 
been found by P. F. Denzafrom twelve years' observa- 
tions — six times daily—at Moncalieri that '-the daily 
variations show themselves clearly in the winter and 
summer, having two maxima after sunset and sunrise. 
The yearly variations attain their miixima at the end 
of February, the minima at the end of September."* 
But while the observations thus generally accord 
with the theory, it should be borne in mind that 
many causes (some of which are known and many of 
which are probably unknown) would modify the actual 
maxima and minima of atmospheric electricity; and 
moreover our system of observation of the phenomena 
involved is, to say the least, very incomplete, 

148. T/ie Irregular VaritUwna of the Miu/netia 
Needle. — The irregular variations of the magnetio ele- 
ments are such as break in suddenly, and often with 
great violence, upon the quiet regularity of the others. 
There is scarcely a doubt, even among the ablest 
exponents of the present views upon the subject, that 
many, if not all, of those irregular variations are owing 
to some disturbances taking place upon the Sun. Uow 
such disturbances could be transmitted, they frankly 
flAlmit their inability rationally to explain* But they 
have observed the disturbances take place upon the 
Sun ; they have noticed that these disturbances were 

( '1/ Proarai tn MitcorulatV In 
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almost immediately foJlowed by T[oIeiit disturLances 
of the Earth's magnetic and electric elements j umi 
therefore the conntjction of the two disturbanceE was 
undeniable. We need not bei-e particularize suob 
instances as they are wellknoivn generally. Their . 
exjilanation seems sufficiently simple. It is, as just 
stated, known from observation that tremendous cun- 
vulsions occur upon the Sun. Enormous musses of 
gas and llame are hurled with frightful energy 
upwards into its outer atmosphere. If such eruptions 
occur upon the side of the Sun next to ihe Earth, the 
disturbance is at once communicated to the connexiun 
between the two bodies, by the extremely elastic me- 
dium of which it is conveyed as an enormous wave or 
pulse towards our planet. This pulse is trarisinit1e<i to the 
earth-cuiTenls, and by the earth currents northwards to 
the atmospheric currents, where il becomes manifest as 
a splendid aurora, and the intensity and monienttini of 
which, drives the aerial currents, and consequently tlie 
magnetic needle, from their ordinary courses, often to 
the comparatively great extent of several degrees. 
Thus would the disturbance originating on the Sun be 
transmitted to the Earth's atmosphere. "Nay," in the 
words of Prof. Proctor, whicli appear to be at least 
half the truth, "it is even probable that every flicker 
and corruscation of our auroral displays correspond 
with similar manifestations upon every planet which 
travels round the Sun." It may not l>e the aimmnt of 
connective fluid transmitted to the Earth by this solar 
wave that wholly causes the terrestrial perturbation. 
The more probable causes are, the violent energy of its 
transmittal, its simultaneity over the entire hemisphere 
next to the Sun, and the convergence of the rays of the 
solar connexion as they appronch the Earth. But even 
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its amount is far from insignificant, as the solar erup- 
tion sometimes continues for bours, and even days, 
shooting upwards among, and in all pi'olmbility displac- 
ing, the planetary oonnexiuns. 

149. The Seculur Variation of the Magnetic Needle. 

{a) The Earliest Ohervatiotis. — The earliest ob- 
sei'vations of the secular variation are probably those 
taken in Paris. At that city, about the year 1541, the 
needle pointed 7*" east; and about 1580, 11J« east, 
being the maximum eastern declination. Tlie needle 
then began to move westwanls, and about 16(i3 bad re- 
turned to the meridian. The declination then became 
westerly', and continued to increase, until, about 1814, 
itattiuned its maximum, 22* 34' west of north. It is 
now gradually moving eastwards. In X,ondon, the 
declination of the needle, about the year 1570, was 15" 
-11 east; about 1637, due north; about 1700, 9" 40' 
west; about 1778, 22'^ 11' west; about 1819, nearly 
25° west ; and about 1843, 23* 8', west. At Boston, 
tlie declination about 1708 was 9* west ; about 1807, 
6*^ 5' west ; and about 1840, 9* 18' west. 

(J ) £i:plan<Ui.oii« of the Ohseraatioiui at Zondon 
arid Paris. — In explanation of these various positions 
of the magnetic needle, it may be well to reconsider 
some things already noticed. The two lines of no 
declination are about on opposite sides of the Eartb. 
The one now in the Western Hemisphere is theoretic- 
ally the line of divergence of the electric currents ; and 
that in the Eastern Hemisphere, the line of confluenoo 
of these currents. And, it being granted that the 
needle points in the direction whence the electric cur- 
rent comes, it follows that the maximum eastern or 
western declination at any place, will be, other things 



TERBE8TBIA1. ELKCT8IC1T\- AND MAONETleM. 



317 



equal, when it is miihvay between the two lines of no 
declination ; westein, if east of the line of divergence, 
eastern if west of it. The motion of the electric cur- 
rents is principally southwards, and at the two linos of 
no declination is wholly so. The divergence close to 
the western lino would be sliglit, but fartlier away 
from it the angle would increase ; but beyond a certain 
limit the angle would decrease, as tlio opposite line of 
convergence was approacheti. 

Now, according to this theory, Paris, about the year 
1580, must have been nearly midway between the two 
lines, and west of the line of divergence, as the declina- 
tion was easterly. But the hne of divergence was 
slowly advancing westwards over the Earth (the cause 
of which will shortly be discussed), and the divergent 
anglo of the currants consequently diminishing, the 
needle would begin to move westwards, and so con- 
tinue. After eighty, three years, or about 1C63, the 
line of divergence would have advanced westwards to 
the city, and the neeflle pointed due north. Still, after 
this, the needle would keep moving westwards into par- 
allelism with the eastern divergent currents, until some 
151 years after the passage of the line, or about 1814, 
the city was again nearly midway between the two 
lines, but east of the line of divergence. After this, 
the needle would begin to n»ove east, in obedience to 
the gradually diminishing angle of convergence of the 
currents as the line of confluence advanced westwards. 
This eastern movement still continues to the pn-sent 
day, the line of confluence being yet advanced only as 
. far as the Caspian Sea. 

The magnetic history of London is similar in about 
all respects, save the datcR. This city is abt^ut S" north 
] S^ west of Paris,nnil wltal b chioflv romorkabloin 
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the magnetic history of the two cities is that the diver- 
gent line of no declination advanced to Londun nbout 
6 years before it arrived at Paris. In London the 
neodle pointed duo north, about in 1C57; in Paris it 
did not i>oint due nortb till about 16C3. But here 
again we see the theoretical effect of mountain rangi^s 
in deflecting the electric currents. Over the lowlands 
of RuKsia and Germany the magnetic line advanced at 
an approximately uniform rate, but farther soutli the 
advance of the line was delayed by the apparent 
ol)struction of the European Alps and the elevated 
regions surrounding tbem, so that it probably formed 
a loop extending eastwards around these regions, as 
about a century later the opposite line formed a loop 
around tbe Asiatic ranges and plateaus. Tlius it may 
have been that the magnetic meridian appeared at 
London before it appeared at Paris, southeast of Lon- 
don. Paris would have been simply inside the loop 
surrounding High Europe, and London just outside of 
it on the north. 

In further support of the view that this delay at 
Paris was a merely accidental circumstance, we further 
observe that the maximum western declination occurred 
at that city about the year 1814, while at London, on 
the contrary, it occurred about the year 1819, or just 
about at the time it was normally due. In the former 
year, at Paris, the effect of the obsti-uction would have 
been to check the western movement of the line (and 
therefore the variation of the magnetic needle) to a 
later time than if the obstruction had not interfered, 
while in the latter year,after tlie line did overcome the 
obstruction, its progress was comparatively rapid with 
respect to that locality, and fully made up for its pre- 
vious delay ; whereas I^indon, being further ivmovod 
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from the obstruction, wouM have a more uiiifonn vari- 
tion of the magnetic lines, 

(l") 77ifl Soiiiheaatem Direction of the Lines of no 
DecltnatUm, — Another remarkable peculiarity to be 
noticed is the southeastern direction in which the lines 
of no declination extend, the soutbern portion lagging 
behind the nortliern. This may be attributed, partly 
at least, to the tenacity with which the electric cur- 
rents apparently clingto the land surface in preference 
to wide and deep bodies of water. In confirmation 
of this view, it may be mentioned that the intensity of 
the magnetic elements is much greater over the land, 
and especially the island surface than over the ocean 
surface.* 

((/) £icj>Uinationg of Vie Obaennitiont at Boston. — 
About the year 1057, the needle pointed due north at 
London as we have already noticed. But in what 
direction the north end of the line of no declination 
extended from London at that time we appear to have 
no record. About fifty-one years afterwards, however, 
or in 1708, the dechnation at Boston is recorded to 
have been nine degrees west. This evidently goes to 
show, according to this theory, that in 1657, or shortly 
thereafter, the line of no declination extended almost 
due west from Southern Europe across the Atlantic 
Ocean, passing northwards to the west of BtJSton and 
perhaps recurving again northeastwards parallel to thti 
northeastern coast. There ia nothing particularly 
remarkable in this ; indeed an instance very similar to 
it occurs in the Indian Ocean at the present day. But 
what seems strange ia that, forthe next hundred years. 

■BceinpeT "On tMtat ISaanttie DUtarhanei (n fnlondi SUiwitnl /nr 
frmtiaConllnrnt, by StnlT-Coiunuinilcr B. W, Creak. It. N.. P. B.S.: raiil 
~ n llio Itaykl Soulntr. Juiuary t». IMA, mxl MlMtru<.'U<l Id A'alur* 
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or up to 1S07, the western declination at BoBton oon- 
tinuaUij decreased; whereas, according to analogy aad 
theoretical deduction it ought to have conUnually in- 
creased. 

Of this curious phenomenon, the following explana- 
tion is suggested by the new theory. The western ex- 
tension from Europe of the divergent hno of no declina^ 
lion in the latter part of the 17th century, took place 
probably in a compamtively short time. The southern 
end of the line yet, and for many succeeding yeara, 
clung to Southwestern Euroiw; and Africa. Kow this 
diagonal eonthoaatern extension of the line would 
have a tendency to reduce the eastern declination and 
increase the western declination upon the western and 
eastern sides respectively of the line. Thus we observe 
that at both London and Paris, about the year 1580, 
the maximum eastern declination was only about half 
what the maximum western declination was about 24*1 
years later at the same places, while evidently, if the 
lino of no declination extended north and south, the 
eastern declination would bo very approximately 
equal to the western. Similarly at Boston, in 1708 
the western declination was greater than it would be if 
the magnetic lines were parallel to the geographic 
meridian, instead of being at a comparatively great 
angle to it. But about this time the southern end of 
the divergent line freed itself from the hold of the 
Eastern Continent and was making relatively rapid 
strides across the Southern Atlantic (which has few 
islands) to the Western Continent. This rapid western 
movement of the south end of the line, while the north 
end moved at a much slower rale, tended to stnughlcn 
the whole line, and therefore to diminish the western 
declination at Boston and other places north anil east 



TEEBBSTBUL ELKCTRICITT AND UAONKTISH. 321 

of the lino in its anomalous position. So that in the 
perio<' from 170S to 1S07, during which the straighten- 
ing movement took pluce, the tleclination was reduced 
at these plnces nearly 3°, or from 9" west to fi° 5' west. 
After the line had touched South America, the west- 
ern secuJar movement slackened to about a purity 
throufjfaout its whole length, the western declination 
at Boston again increased owing to the western 
movement of the whole divergent line, and so contin- 
ues at the present time. 

(tf) Explanation of the Secular VarUilion. — It now 
only remains to inquire into the cause of this con- 
tinual western movement of the magnetic meridians 
and poles. And, without futber preface, the simple 
answer is - -The ftf,>ifer« rotation of the Earth on its 
axis. It has already been noticed that the connective 
fluid set free in the earth currents tended to escape 
from the plane of the ecliptic where the fluid is most 
dense ; and this movement away from the eclip/K phirie 
would, owing to the inclination of the Earth's axis, be 
towards some point of the polar circles, which would be 
a magnetic pole. The electric currents, becoming once 
established in certain routes in the Earth's crusl, would 
have a tendency to follow such routes more readdy 
thereafter; so that, although the rotation of the Earth 
carries the magnetic axis out of its natural position of 
perpendicularity to the ecliptic plane, the resistance 
DfTcreil to this wrenching of the axis is com|mrativeIy 
small, compared to that offered by the Earth's crust to 
the continual establishment of new momentary routes 
perpendicular to the ecliptic ; so that the magnetic axis 
remains practically permanent in any place, and ia thus 
rolatuil eastwards around the geographic axis once in 
every 24 hours. 
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Hut although the resistance offered to the wrench- 
ingof the niagnetio axis out of its vortical positioQ with 
res|ject to the ecliplic, js comparatively small, yet it is 
constantly maintained (wliicli the opjtosing resistance 
is not); and although its effect is practically inapprecia- 
ble in one rotation, yet in the course of ayear itgradn- 
ally accumulates so as to become quite perceptible. 
Taking the magnetic axis (or the genera! electric earth- 
current) in its vertical position to the ecliptic plane, 
and following it eastwai-ds around the Earth's axis of 
rotation, we observe that, during the first half of the 
rotation, the tendency of the former would be to return 
westwaitls to the vertical position ; but, during the last 
half of the rotation, the tendency of the magnetic axis 
to adjust itself to the- vertical would urge it eastwards, 
as the nearest way to that position then ]ios in this 
direction. Bnt llie tendencies of the magnetic axisin 
these opposite directions do nut balance each other for 
the reason that the Earth's rotation favors the one 
tendency and opposes the other. A much greater and 
more effective force or pressure is manifestly exerted 
by the electric fluid when tending to regain its vertical 
position to the ecliptic diagonally backwards agai?ut 
the Earth's rotation, than when tending to gain that 
position diagonally forwards loit/i the Earth's rotation; 
just in the same manner that a much greater pressure 
is exerted by the current of a river u\K>n a boat mov- 
ing diagonally against it, than upon a boat moving 
diagonally wilh it. And this greater pressui-e of the 
electric fluid of the crust against the Earth's rotatioa 
exists, not for half the time of a rotation only, bat is 
constantly maintained during the whole rotation. 
For the currents are continually flowing northwards 
upon all sides of the Earth, and Uierefore there is a. 
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balance of proBsiire cxeilcd against the Earth's rota- 
tion fur every ntoment. 

It does not apjily here that the electric fluid flow- 
ing northwanis from the EqiMtor and partaking of the 
swifter rotational motion at tliat i>lace, would tend to 
preserve it as it moved northwards and thus tend to 
move eastwaivis instead of wostwards.^first, because 
the magnetic fluid is supposed to issue chieHy from the 
neighborhood of the South Magnetic Pole, rather than 
from the Equator; and second, because, as we shall 
shortly find, the electric flow is incomparably more 
rapid than the Earth's rotational motion. The explana- 
tion of the terrestrial secular variation, then, is simply 
that this continual balance of pressure of the magnetic 
Earth currents westwards over tlje Earth, slowly and 
gradually changes their course (and tliereforo that of 
the magnetic axis) towards this direction. Othercausea 
may contribute; but evidently tiiis is the primary cause. 
The variation does not take place at an equal rate all 
over the Earth, or even at neighboring localities; but 
lags behind in some areas and shoois forwards with 
comparative rapidity in others. The magnetic merid- 
ians and e(|uators are invariably distorted and twisted 
nto unsymmetrical forms'.^all of wliich clearly refers 
to an unevenly resisting crust medium through which 
the electric currents are slowly effecting a change of 
their courses. 

150. Corrobor<itive EviilenefX. — In conclusion of 
this ohftpter, we cannot do I>etter, perhaps, than to 
notice a few observations out of hundrcils of similar 
ones that have been made by other inquirers in this 
department of nature, which seem throughly to corrobo- 
rate the general theory of terrestrial magnetism liere 
, olTea'd. 
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On the morning of March 30, ISSfi, a violent earth- 
current storm occurred in London, stojtping all telo- 
graphic work. During tlio same time, strong earth- 
currents were reported on the Mediterranean, Bombay 
and Madras, tho Madras, and Penang, and the 
Java, China, and Japan, cables; causing nil n-ork 
over them to Ije stopped. In the evening, brilliant 
auronewere observed at Donegal and Kingstown in Ire- 
land, at Ivonigsberg in Prussia, and no doubt at many 
other places from which no reports were made.* This 
evidently goes to show that there is an intimate con- 
nection between the earth-currenls and tho anrone, a^ 
the theory [tostulatee. 

In an article on terrestrial magnetism in the Oth 
edition of the Encyclopedia Britannica, Prof Balfour 
Stewart endeavors to show two things: "(t.) That of 
all the vnriouB hypotheses which have been started 
with the view of explaining the solar diurnal ineqnali- 
ties of terrestial magnetism, the most probable is that, 
which considers these inequalities to be caused by elec- 
tric currents in the upper regions of the earth's atmos- 
phere. (2.) That in the neighborhood of the North 
Magnetic Pole (judging from observations discussed by 
Sabine) such currents have in all probability horizontal 
components flowing in from all sides towards that pole, 
so that on one side of the pule this com|>onent will 
have a direction the reverse to that which it has on the 
opposite side of the pole." Tiiis also is just what the 
new theory teaches. The same scientist, in a pa|)er 
"On the Cause of Solar Diurnal Variations of Terrestrial 
Magnetism" (read before the London Phyfiicu] Society, 
April 10, 1886), after reviewing various other theories 
and hypotheses, says : "Wc seem, therefore, GomjwUed 

• The EIrclrfcian, April a, and August 6. UM ; ,VaIui( , XXXl V. W«, 
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to seek for the cause of the variations in the upper 
atmospheric regions, and we cannot imagine such a 
cause to exist in any other form than that of a system 
of electric curronts. That currents may, and actually 
do, exist at great heights is shown by the aurora, 
which is unquestionably an electric current, and mani- 
fests a close connection with the phenomena of terres- 
trial magnetism."* 

M. l'*aye, before the Paris Academy of Sciences, 
April 1^, 1S86, "desUs with the important series of 
diagrams appended by the Astronomer-Koyal to the 
volume of Greenwich Observations for 18Sf, embodying 
the diurnal variations in horizontal direction and In- 
tensity of the terrestial magnetic force for the thirty- 
six years ending in 1876 inclusive. As a general result 
it would appear that the magnetic curves, as exhibited 
in the 430 diagrams of Sir G. B. Airy's series, contract 
and expand periodically in direct agreement with the 
greater or less prevalence of the solar spots, and also 
with great regularity accortling to the seasons, the 
summer curves being invariably far greater than those 
of winter." t 

Dr. Weinstein, before the Meteorological Society of 
Berlin, March 3, 1886, spoke on the subject of earth- 
currents, as follows: — "The earth-current showed a 
perfectly rugular daily vai-iation. In tlie night the 
earth-current is slight; from 8 o'clock in the morning 
it regularly increases, attains its maximum precisely at 
12 nix>n,thcQce sinks rapidly till 4 p. m., whence it con ' 
linuesuniformly weak, not to revive till the following 
morning. A course precisely analogous to that of the 
Oarth-current was manifested by the earth's magiiotism, 
the connection of which with the electricity of the earth 
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attracted attention from the very beginning, wlien dis- 
turbances made themselves observable. To demon- 
strate with perfect precision the coincidence of the 
two phenomena it was necessary to take for the pur- 
pose of comparison not a single earth-magnetic element, 
but the earth's total magnetism. The earth's electricity 
and the earth's magnetism showed, moreover, in their 
regular daily course, their affinity, by the simultaneity 
with which their disturbances occurred. This simul- 
taneity was so precise that in one case the distance 
between Berlin and Wilholmshaven could be determined 
from the time when the disturbance of the earth's 
current made itself fell in Berlin, and the time when the 
magnetic disturbance occurred in Wilhelmshaven. This 
simultaneityof disturbances at distant points of the earth 
pointed to a cosmical cause. Thus, in August last year, 
at the very time when in Paris the emergence of an 
altogether unusual solar protuberance was observed, a 
magnetic disturbance was registered in Petersburg, and 
a disturbance of the eartli's current in lierlin. The 
earth's current and the earth's magnetism showed 
further in common the [leriods of eleven years which 
coincided with those of the solar s^Kits. In respect of 
theeartli'scurrent, this ^Hjriod could not indeed he dem- 
onstrated to a certainty, seeing that the r^ular observa- 
tions made respecting it were yet of toorecentdatejbat 
the regular course of the oscillations warranted the 

conclusion of a like periotl being drawn 

With reference to the question which phenomenon was 
the primary, the earth's current or the earth's niagnot- 
ism opposite views were entertained."* 

In a subsequent communication to the sanio society 
April 6, respecting the disturbances which had occarreU 

•ITrrturcXXXllI, (13*. 
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January 9, and March 30, 1886, Dr. WeinsterD states 
" that ou March 3U, the distucbunces were so great that 
in the course of the forenoon telegraphic communica- 
tion in Germany was stopped. Even with currents of 
60 Daniells no signs couid be forwardetl by tlie tole. 
graph wires. The magnetic elements in Wilhelnishaven 
showed great simultaneous disturbances, and from-the 
direction of these magneticdisturbances it was inferred 
that the disturbance oF the earth's electricity were the 
primary, the oscillations of the earth's magnetism the 
secondary."* This precisely agrees with the theory; 
the incoming disturbing wave of connective fluid first 
appearing in the electric currents of the crust, and sub- 
sequently affecting the magnetic elements, just as we 
have theoretically deduced. 

From autographic records of the magnetic storms of 

1880, August 11-14, at Pavlosk, Kew, Zikawei and Mel- 
bourne, Prof. H. Wild concludes that "the disturbance 
ofalJ three elements, declination and horizontal and ver- 
tical intensity, began and ended simultaneously . . . 
The magnitude of the perturbation for each element, 
especially the intensity, and for each day, shows a 
diurnal period closely coinciding with normal daily vari- 
ations." The same scientist from magnetograph records 
of the magnetic weather of January 30 — February 1> 

1881, at eleven places in Araenca, Europe, China, 
India and Aat^tralia, finds that "the perturbations 
began everywhere simultaneously, so far as the time 

scales enabled the moments to be determined 

The times of occurrence of maxima and minima, and the 
amplitudes, especially of the variations in declination, 
correspond very closely to the distance <)f the stations 
from the auroral circle surrounding the north mag- 

• Satm*. xxxiv, M. 
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netic pole, as lately defined by Baron Kordeoskiold." * 
Also from observation of eartb-curreots made upon 
buried telegrapb cables in the neigbborhooil of the 
observatory at Pavloak up to September 1883, he 
draws the following conclusioDs: — 

"The earth current appears not like a current of 
nearly uniform intensity, but as alternating stronger 
and weaker currents." 

" Only by taking the mean of the twenty-four term 
days during tbe year do we find traces of slight 
diurnal change whose amplitude corresponds nearly 
to 0.0008 volt. The diurnal change of the earth cur- 
rent is therefore not the cause of tbe diurnal change in 
the magnetic elements." 

" As soon as tbe earth currents in botb lines 
become strong, the magnetic instruments deviate 
from their ordinary positions, and these perturbations 
increase with the strength of the earth currents, but 
not in any regular proportion." 

" The changes in the south-to-north line preceded 
by about five minutes the changes in variation of decli- 
nation so that tbe earth current would appear as 
the primary cause. He concludes that the earth cur 
rents are the primary cause of many perturbaltions, hut 
not the cause of the periodic vaiiations m the mag- 
netic elements," t 

Now all of this is very obviously in perfect har- 
mony with the connective theory. Thesiniultancityof 
the disturbances of the magnetic elements over the 
whole Earth points unmistakably to a cosmical cause 
of them. The small time-interval of live minutes 

• Prof. Cleve land Ablje, An AcaiMnl <if Ills P'n>grrm in Wftnff-Jomi fn 
ISS3. pp. «-IX. 

tPror.CleveUnd Abbo,.ilnil<«ouM u/in* PnxmM (n Miluimlam In 
riK v<.tr ISSi, pp. lU-llS. 
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liutvveen tbe appearauceof the disturbance in iLeuaiLli- 
current at Pavlosk and its reapi}eariincB in tlie aerial 
currents as affecting tlie magnetic needle, indicates the 
extreme velocity of tlie terrestrial electric currents ; 
and the correspondence of the times of jnaxitiia and 
minima of tlie variations of the magnetic elements 
at various places to the distances of these places respect- 
ively from ilie north auroral circle, indicates clearly 
the course which the electric currents take and their 
mode of distribution. We read also that the magni- 
tude of the magnetic perturbation shows a diurnal 
period coinciding with the diurnal barometric varia- 
tions. This shows that a proportionally great amount 
of the disturbing fluid (as well as of the ordinary cur- 
rents) appearing at the polar regions is gathered into 
the aerial tides theoretically shown to account for the 
diurnal variations. And still another discovery by 
Professor Wild that furnishes a very strong conlirma- 
tion of the theory, is that there is no appreciable vari- 
ation of the earth-currents corresponding to the diur- 
nal or other periodic changes in the magnetic elements. 
This certainly goes far to prove that the atmospheric 
tides caused upon the Earth by the solar -connexion is 
the sole cause of these changes, as the theory predi- 
cates. That there is apparently no regular proportion 
between the irregular perturbations of the earth-cur- 
rents and the immediately following disturbances of 
the magnetic elements, may very reasonably arise 
from tlie infinitesimalness of the observed portions of 
Uiese currents, the great bulk of which is probably 
deep-seated in the Eart.li's crust. 

It may here be remarked also that there appears to 
be a strong connection between tho electric curj'ents, 
cirrus clouds and precipitation. Change of vrcather 
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almost invariablv accompanies unusQiilly brilliant 
auroree. The electric tension ot the air is aUo pro- 
foundly motllEed by precipitation; and lightning cun 
only occur iluring, or in connection with, rain. We 
are hardly prepared at this stage of the inquiry to say 
whether the electric fluid itself is directly converted 
into the precipitated water, or water-vapor, or merely 
accompanies the fluid which, in a lightning flash, is so 
converteii. That ti)e lightning flash is itself a mani- 
festation of connective substance in some form or 
transformation, and even disturbs the magnetic needle, 
there is, however, no doubt. We may close the chap- 
ter with the following suggestive extract regaitling the 
connection of thunderstorms, aurorcB and solar disturb- 
ances : — 

"As the result of the extended series of observa- 
tions described, it has been found in general that when- 
ever groups of facnla!, with or without dark spots, are 
appearing by rotation or are bursting forth upon the 
earthward side of the sun, there is an imtnudiate 
increase in thunderstorms in the lower latitudes, and 
probably auroras in the higher latitudes. If, however, 
the aurora becomes visible near the equator at auoh 
times, there is an immediate, though, perhaps, tempo- 
rary, decrease in thunderstorms, as though the aurora 
had taken their place. In short, the aurora and thun- 
derstorms appear to have a common origin, nnd in cer- 
tain localities, at least, a reciprocal relatiun to e:ich 
other. 

" The relation between the various phenomena is 
such, that if an increase of thunder-storms or auroruii 
is noted, faculie coming into view by rotation or bni'st- 
ing forth elsewhere upon the sun may be fooked for 
with confidence. On the other hand the appearance 
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upon the sun of bright f.icul:e betofiens an immediate 
increase in the electrical phenomena attending the 
storms which may be prevailing at the time anywhere 
on the face of the earth, unless an aurora should inters 
vene, as has already been noted, 

" In general the disturbed solar and terrestrial con- 
ditions increase or diminish in like ratio. The curious 
fact has been noted, however, that a single disturbance 
occnpying the sun's disc alone seems to have a more 
marked effect than a succession of such disturbances 
as though variability of tension were most concerned 
in the production of the phenomena in question." * 



CHAPTER IX. 

GEOLOGICAL CLIMATIC CHAJJQES. 

151. Geoloffical Periods. — Having now examined 
the general phenomena of cosmical evolution and gra- 
vitation, planetary light and heat, aerial and oceanic 
tides, and terrestrial magnetism, in their relation to the 
new theory, and invariably finding a simple and appar- 
ently unquestionable harmony of that theory with the 
facta — let us now turn into a different department of 
scientific inquiry and see if the same harmony is there 
manifested also. Having tested the theory by the 
various manifestations above and upon the Earth's 
surface, let us now proceed to test it by the manifest- 
ations beneath the Earth's surface, or the testimony of 
the Earth's crust itself. This crust upon which we 

• M. A. Veeder, TTie KUxlriail iriirl.t, VoL X. No, B; itonllUi/ n'(tilh«r 
Bertrv lot the D. 8. SIkDiiI Servlw), July. IMT, |i. SOt. An itfllolo on Uis 
Mine lubJiKit. by Bunry c. Malno. al»u appMriNl In Jiy«>i;E LatU'i lOu 
ytiavatier of AuKUnt. mtu l""^. 



332 A HBW THEOKY. 

have our being, Las certainly been subjected to vast 
changes both of form and surrounding conditions j and 
if the new theory be in the main the true one, it will 
even yet be subjected tochaoges compared with which 
the past changes, the evidences of which the crust 
affords, are utterly insignificant. However, it is the 
recoi-ds of these past changes that wo are here to ex- 
amine; and though perhaps they are relatively insig- 
nificant, we shall nevertheless find them vast enough 
for the consideration of our puny human faculties. 

The time since the appearance of the human race 
upon the Earth is apparently but a moment of the 
Earth's history. There is some evidence that man 
existed shortly prior to the great Ice Age, hut the 
highest scientific authorities are of the opinion that the 
earliest traces of paleolithic man is to Ije found in the 
river drifts deposited after the vast glaciers began to melt 
away. Now, the duration of the great Ice Age is said 
to he double that of the period since, and yet the Ice 
Age and the period since together are supposed to be 
on the most probable basis, hut a fraction of one per 
cent, of the period since the formation of the present 
crust upon the Earth. 

152. TlieAye of Ice, — For hundreds of thousands 
of years, then, probably before the first appearance of 
man, vast sheets of ice covered the temperate regions 
which we now inhabit, and perpetual winter reigned 
half way to the Equator. But still prior to this, for a 
far longer period, the climate of the' same regions was 
extremely torrid, and perpetual summer reigned as far 
north as the Pole. Of these vast changes in the Earth's 
climate in the past, there is no question whatever among 
scientincmen. Theevidenceis abundant and unmistak- 
able, and carries couviotioD at once to the mind of tho 
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studentof nature. But iFweask the scientist how tliese 
clianges of chmate came about, we practically receive 
no answer. Ho does not know. He has, or rather he 
had, theories regarding tliese climatic changes, but tliey 
are all untenable, and so obviously so that they are now 
about all practically rejected and laid aside. The late 
Mr. Searles V. Woo*), in a summary of tlie possible 
causes of the succession of cold and warm climates, 
enumerates no less than seven different tbeories, which 
have met with more or less acceptance. And Sir J. 
William Dawson, in his inaugural address at the iifty- 
sixth annual meeting of the British Association, justly 
exclaims that "nearly every cause available in llie 
heavens and the earth has been invoked to account for 
these astounding facts." 

The theory of Dr. James Croll, as elaborated in his 
works " Climate and Time," " Climate and Cosmology," 
etc., was probably the ablest as well as the most widely 
accepted. But after a critical examination of it by Dr. 
Woeikof,* not to mention former criticisms by Simon 
Kewcomb and others, there remains little else than a 
series of erroneous assumptions. In the wonls of J. 
Korman Lockyer — " Ilrs whole system of estimating 
temperature breaks down when seriously tested, tlie 
errors being enormous, in some cases upwards of 100^ 
F., or greater than the difference of annual tempera- 
ture between the equator and the North Pole. His 
hypotheses, although brilliant and fascinating, can not 
ho accepted, the main points on which they rest being 
opposed to the most certain teachings of meteorology, 
and the whole fabric, in its explanation of glaciation 
and geological climates generally, being entirely fallo- 
dons." t 

•Amerlntn JautTvUnf Scttnet and Art^Uarch. 1888. 
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53. Tlie Causes of the Climatic 0iangoa. — By the 
new ibeory, however, the explanation is simple and 
oljvious ut u glance. As already intimated some pages 
buck, tlie Elaith, aflur its ti-ansforraation from the ring 
into the spherical form, at once began to contract its 
volume, and form a crust upon itself, in all respects 
similar to the solar crust out of which it originated; 
and also, at the same time, a similar process took place 
U[>on the Suo. It appears that this generative process 
upon the Sun in this case required less time than it did 
upon the Earth. In other words, the solar crust first 
matured and brought forth the planet Venus, before the 
Earth had been delivered of \\s satolUte. The evidence 
of this solar priority lies in the fact that in the same 
period during which the Earth gave birth to only one 
body, the Moon, the Sun gave birth to two bodies, 
Venus and Mercury. A partial reason at least, for this 
sular priority would be, that tiie generative process 
upuQ the Hun was siipposably somewhat advanced while 
the Earth-ring was yet extending outwards from its 
parent, and preparing itself for its aggi'egation into the 
planetary form. But no doubt the chief reason of the 
priority would be thegreatercentrifugal tendency of the 
Sun's equatorial surface. In any event, it appears tolera- 
bly plain from the new theory that, after the Earth, the 
next in order of generation of the three bodies suhse- 
cguently begotten was Venus, then the Moon, and lastly 
Mercury. 

Now it is a corollary reasonably following from this 
theory, and is practically self-evident, that when the 
Sun's surface cools and contracts into a solid crust, a 
much smaller solar heat will be distributed outwards to 
the planets of the Solar System, than when the Son's 
crust is in a gaseous form. Froo) these premises it fol> 
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lows that, at the birth of the Moon, the Sun was toler 
ably well advanced npon Mercury. By the time the 
pi-L-sent crust of the £urth was snfficiently formed to 
Bujiport vegetable life, the solar crust would have been 
in a still more advanced stage, and so would furnish 
less heal to the Earth than it at present receives. Per- 
haps this consideration does not with equal probability 
apply to the Sun's light; which, for anght that we can 
assign to the contrary, may have remained pi-actically 
undiminished. At this time of comparative solar fri- 
gidity, the light and heat of the Moon, owing to its 
recent formation might also be relatively great. Hut 
the chief source of heat in all probability, would be the 
Earth itself. It is certain that, at this period, the 
Eurth-cruBt would be generously warmed over its whole 
extent by the Earth's internal heat; and witli light 
either fi-ora the Sun or the Moon, or from both, the 
Earth's surface would have been one great hot bed, and 
the favorable condition for vegetable growth would bo 
unsurpassed. This would be the Carboniferous Era 
upon the Earth, in which the vast coal beds were 
deposited ; the comparative thinness of the crust afford- 
ing relatively fre<:|uent opportunities for its upheaval or 
subsidence. And at the same time the tepid waters 
would support more gigantic and a greater number of 
animals than witli either a greater or less amount of 
beat. 

But the Earth-heat would gradually diminish at the 
surface. After hundreds of thousiinds of years, the 
temperature would fall upon the hind and in the water; 
the Sun would afford a minimum of heat"; the climate 
would gradually become frigid; the watdr would congeal 
into snow and ice; and excepting pnibably a strip border- 
y bMt-lnnucow ai all, vnuUi al»o bavu 
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ing on either side of the Equator, preserved 5y the rem- 
nants of the solar (and jiossibly also of the lunar) heat, 
the whole Earth would be one vast sheet of glaciers 
and ice, 

Uut another change was beginning to dawn ujion 
our planet. "When its internal heat had become greatly 
reduced at the surface, and the Sun also had cooled by 
radiation so as to furnish but a minimum quantity, the 
solar crust began to part and the gaseous interior was 
exposed to view; affording to our world once more tho 
life-restoring heat. This process of crust separation 
would continue and the heat would increase in intensity 
until tho ring wholly separated from the body of the 
Sun. This would be the second, or post-glacial, tropical 
period. After a time the iirst intensity of the solar 
lieat would wear away, and this gradual diminution 
would have continued down to the present day; in 
which, according to the new theory, the solar surface 
is just in the inceptive stages of its solidification in the 
process of generating another planet. 

By the new theory, then, thesequence of geological 
climates so far as the present Earth-crust is concerned 
is as follows: First, very hot, corresponding to the 
original heat of our globe, the gradual tempering of 
which protluced the magnificent flora and the gigantic 
fauna of the Coal Measures; second, very cold, corres- 
ponding to the cooling and more advanced solidification 
of the Earth's, the Moon's, and tho Sun's surface ; third, 
very warm, corresponding to the separation of the Suti'e 
solidified crust; and fourth, a gradual reduction of the 
heat of this last period down to the present day. It is 
scarcely ncecssary to state that this sequence is precisely 
similar to that deduced by geologists, from the evidoncet 
of the crust itself. 
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154. Tha Sujtposed Subdvois-ion of the tee Age, — 
There is indeed one apparent discrepancy; wbicli, lion- 
ever, may very possibly be owing wlioUy to the extra- 
oitlinary and incorrect causes which the confusion of 
previous theories compelled scientists to assign for the 
facts. The view involving this apparent discrepancy 
is that, very generally received among geologists, which 
regards the great Ice Age a^ divided into several por- 
tions, separated by inter-glacial periods. This view, if 
true, would not be absolutely inconsistent with the 
theory here advanced, as the interruption by various 
causes of the cooling process upon the Sun can hy no 
means be said to be impossible. But the great probabil- 
ity appears to be that this view is erroneous. Leaving out 
of consideration the astronomical grounds upon which 
Dr. CroU and others based the subdivisions of Ihi! Ice 
Age, as having been quite sufficiently criticisetl by 
other inquirers, we shall notice one ground for a belief 
in such subdivision of a very different character. 

Archibald Geikie, in his "Geological Sketches"* 
describes what he thinks is probably the oldest portion 
of land surface on our globe, in the north-west part of 
Scotland. A somewhat extensive platform of old 
gneiss had first been " buried under several thousand 

feet of red sandstone The area was tlien 

further submerged until the vast pile of sediment was 
deposited out of which the llighiands have been formed, 
that these sedimentary accumulations— how niiiny 
thousand feet thick we cannot yet tell — were sub- 
-secjuently over the Highland area crumpletl and mela- 
UMirphosetl into crystalline schists, and that finally to- 
wards the west the ancient platfonn of gneiss was once 
more ridged up and gradually bured of its sujierincum 

■ UiiinSuAdt LOirarv >•/ Sel/mtt, Vol. IV., p. IDI, 
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bare is the peculiar bossy, humraocky appearance 
which it presents, which is not presented by the later 
formations remaining above it, and which " if they 
were found in a recent formation, would without hesita- 
tion beascribed to land ice." The overlying formations 
arc marked by parallel striations and bands of rocky 
terrace, but are far from exhibiting such energy of 
glacial action as the older gneiss. Moreover the peculiar 
smooth, bossy character of the latter can be traced 
under the recent formations and under patches of 
breccia or moraine which have been left standing by 
recent erosions. From this the inference clearly follows 
that an earlier period of glaciation existed, which was 
separated from the recent periotl of glaciation by the 
immense interval of time required for the deposition of 
the red sandstone and overlying schists, and their 
submergence, crystallization and subsequent elevation. 
Regarding this inference as true, the new theory 
would yet regard the two periods, however distant, as 
the inceptive and final stages of one grand period of 
glaciation. According to this view, the old gneiss was, 
in the first place, subjected to the action of the glaciers 
during a comparatively great time in the beginning of 
the Ice Age; that then it was submerged, water inter- 
vening between it and the ice, and had deposited upon 
it the sandstone and schists by the action of the gla- 
ciers and the overlying waters; that subsequently it, 
with its overlying burden, was upheaved and again sub- 
jected to the action of the uninterrupted but diminish* 
ing ice, suffering denudation of its overlying de|K)8its in 
the closing and more moderate jieriod of the Ice Age, 
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and by coDtiaued elevation and denadation, ilself a 
second time polished and striated by ic€-action. 

Also, on the northern Alpine slopes, several conti- 
nental geologists have been lately engaged in tracing 
nearly similar marks of the Ice Age. They found 
tolerably clear evidence that there were two periods of 
ice- action separated by a long Intergliicial period, 
Nineteen instances were found in this region where an 
older and a younger moraine were separated from one 
another by a layer that cannot be attributed to glacier 
action. This layer, they state, is composed in some 
instances of loam from weathering ; in others of "dilu- 
vial coal" (which is here understood to bo fragments 
of coal washed by floods from its original bed) ; in 
others of river deposits, etc. All these according to 
the view just stated, must have been deposited by sub- 
glacial water-currents either in deep or in shallow 
water over a sinking area, According to these geolo- 
gists, the climate of the interglacial period was pro- 
bably much like it is at the present time. This, by the 
new theory, would not, of course, be the case. But it 
is obvious that even with a really intense cold in the 
middle of the Ice Age, it is not probable that all the 
water npon the Earth would be solidified into ice. 
Granting that the diminution of solar heat might have 
solidified it over most, or even all of the Earth's ffu;yrt<'<) 
down to varying depths; yet below this there would 
be currents of ordinary temperature of quite suflicient 
strength to spread alluvium and detritus over its 
bottom. But even though the waters were all frozen 
solid during the intensest cold, the deposition of sedi- 
ment would occur in the more moderate iwriotls before 
and after such an event. 

There is nothing certainly knuwn regarding these 
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alleged interglacial periods. Geologists are by no 
means agreed either upon their existence or their num- 
ber. " Opinions differ as to the number of glacial and 
intergkcial epochs, many holding that we have evi- 
dence of only two cold stages, and one general inter- 
glacial stage While some observers are of 

opinion that there are only two epochs of general 
glaciation, others, as, for example, M. Tanly.fmd what 
they consider to be evidence of several such epochs. 
Others, again, as M. Falsan, do not believe in the exis- 
tence of any interglacial stages, although they readily 
admit that there were great advances and retreats of 
the ice during the Glacial period.'* * This last is pre- 
cisely the view here entertained, except that, instead of 
advances and retreats of the ice, upheavals and subsi- 
dences, various in number in various places, aie sub- 
stituted. 



CHAPTER X. 



COamCAL EVOLUTION IN THE PUTURE. 



155, Significance of the Sunspois. — It is apparent 
from what has already been observed, that the evolu- 
tion of the Solar System, according to the new system, 
is still far from completion — is, in fact, even now going 
on and will continue to go on. We have noticed when 
discussing the facts of geology that the Sun is now oon- 
tinually cooling, and the spots which we observe upon 
its surface we have found grounds for regarding as 
incipient attempts at solidification of that surface. "Wb, 
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may here esaraine these sunspol phenomena more in 
detail. 

Nearly all scientists regard tha solar spots as solid, 
and as cooler than the rest of the solar surface. Accoi-d- 
ing to Zollner, the Sun was a white-hot body, and its 
spots were scoriaceous products of local cooling. ZoU- 
ner's theory, as elaborated by M. Shulz, sixteen years 
later, was, that a certain gas, escaping from tremen- 
dous pressure in the lower regions of the photosphere 
into the upper repons of the solar atmosphere, would 
dilate and cool sufficiently to condense into the liquid 
and then into the solid state, and thus fall in shonera 
upon the photosphere. When the shower is a light 
one, a •' pore " would be the result ; when it is heavy 
and long-continued, groups of slag-islands would form, 
around which the photospheric clouds would arrange 
themselves into the characteristic funnel shape of the 
penumbra, at the bottom of which is the obscure solid 
nucleus. 

Prof. Balfour Stewart states : " It has been jwinted 
out by the Kew observers that the bottom of a spot is 
blacker, because it is colder than the general surface, 
and they have likewise brought forward evidence to 
show that this diminution of temperature has probably 
been produced by the down-rush of comparatively cold 
matter from above, a conclusion which hits since been 
conclusirely verified by spectroscopic observations." 
And again : " We have .... in the facula> the 
necessary reaction of this, or the uprush of compara^ 
tively hot matter from below." And Prof, J. Norman 
Lockyer says — " We have seen, in fact, that one chief 
point about the sun is that it is cooled on the outside; 
that masses of gas going up to tremendous altitudes 
eventually arrive where the utinusplierc is i-old and 
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quiet, and where tbey again take on the solid or liquid 
form, when they begin to go down again." 

These are representative current views from tlie 
highest authorities on tiie subject; and, wiiile they 
differ somewhat in detail, yet they essentially agree 
with each other, and with the deductions from the 
theory here advanced. 

166. 77i£ 3juat(>rial Movenumt of the SmiapoU. — 
The chief peculiarities of sunspots with respect to mo- 
tion and locality, which have hitherto remained prac- 
tically inexplicable, will be seen to find ready and rea- 
sonable explanation on the basis of the connective 
system of evolution. It has been observed that the 
spots near the sunspot minimum, appear generally 
Hbout latitude 30° north or south of the solar equator. 
Here they seem to rotate round witli the Sun in a 
period of some Sti^ days (slightly greater soulb, and 
slightly less north of the equator.) But, during the 
succeeding yearsup to about the next sunspot minimum, 
the spot-zone gradually approaches towards the equa- 
tor; where their rotation-period around the Sun's axis 
is only about 25 days. It may be remarked here, as 
conceded by nearly all authorities on the subject, that 
the equatorial regions of the Sun are hotter than the 
higher latitudes. And another fact which shonld be 
borne in mind, is that the sunspots which we ordinarily 
see are not all the spots which form upon the Sun'a 
surface by the descent of cooled material from above; 
that, in fact, such spots are conimually formed upon 
the entire solar surface. Upon this point, Prof. Bal- 
four Stewart may bo quoted once more; "What wo 
have on a large scaJe in the spots and facula; we 
have in a small scale all over the Sun's disc. When 
viewed with a poweifu! telescope the brightness of 
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his disc is found to be far from uniform, the whole 
Biirface being made np of bright and dark patches 
L-xisting side by side. This mottled appearance was 
first noticed by the elder Eerschel, who considered the 
pores, as he termed them, to be small spots — a conclu- 
sion which has since been abmidantly verified by the 
spectroscope,"'* 

Now these sjKits thus forming over the entire sur- 
face of the Sun, bein^ s<ilid bodies formed by the 
descent of coote<l material from the upper regions of 
the solar atmosphere, are obviously denser than the 
heated ocean in which they float. And as the Sun has 
a comparatively great velocity of axtal rotation, we 
know from analogy that these denser bodies, having 
freedom of motion, would tend, owing to the centrif- 
ugal force generated by the rotation, to apjiroach the 
solar equator — just as we have noticed would be the 
case with the original solar spheroid. But, as, in obedi- 
ence to this tendency, the incipient crust-fragments 
move equatorwards, they encounter the greater heat 
in these lower regions, and are therefore gradually dis- 
solved. At all times, no doubt, there fall by far the 
greater amount of cooled material in the equatorial 
regions, and smaller and smaller amounts on equal sur- 
-faces as we approach the poles, owing to the decreasing 
height of the solar atmosphere in these directions. But 
at the same time the greater heat of the former pre- 
vents the aggregation of this cooled material into spots 
(except when the precipitation is comparatively great 
in amount, as at sunspot maximum), just as the paucity 
of the falling material in the polar regions has the 
same effect. So that, other things equal, the first 
apjiearance of the siiots would most probably be at the 
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latitudes between the polar and the equatorial regions. 
This would approximately be the case at the time of 
sUBspot minimum when the planetary conaexions are 
iibout evenly distributed over tlie Sun's equatorial sur- 
face. But towards the sunspot maximum, the plan- 
etary connexions become bunched in certain direc- 
tions upon the Sun's equatorial surface; the solar 
atmosphere, ascending in these aggregated connexions, 
would become elongated outwards from the equator, 
and consequently would bo of still less elevation over 
the polar regions. Moreover, the ascending vaiiors 
also rising higher in the elongated equatorial atmos- 
phere, the showers of cooled matter would descend in 
still greater profusion upon the equatorial regions ; and 
thus, owing both to the diminished precipitation in the 
higher latitudes and tlie increased precipitation in 
the lower, the s|)ot-zonG moves towards the e«]uator 
between minimum and maximum of sunspots. 

After maximum, however, up to minimum again, 
wo might exjject a poleward movement of the spot- 
zone to the place of beginning. But this return is 
obviously precluded by the premised circumstances. 
For as the solar connexions are moving out of con- 
junction, the regions where they are intermingled and 
where tlie elevated density of the connective atmos- 
phere is consequently maintained, becomes smaller and 
smaller, until it finally disappears at the equator. 
Tbua the wave of s|K)ts would continually approach 
tlie ocjuator as the connexions moved out of angular 
coincidence; until finally the previous condition uf 
approximate uniformity of the connective density was 
restored, and another wave would b«gin in the inter- 
mediatti latitudes as before. 
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157. T)i« greater Angular Vdodty of SuntpoU at 
the BJiaatiir. — llegarding tlie more rapid et|Uatorial ro- 
tation of the s|)ot3, the reasonabie supposition may bti 
made that the different parta of the Sun, including all 
but the outward portion of ils atmosphere, revolve 
axially at the same angular rate. This is what hap- 
pens in our own world, so far as we know ; the atmos- 
phere, except in the upper regions, revolving approxi- 
mately in the same time as the Earth itself: and it 
Beems proper to reason that what happens in our own 
world happens also in other worlds in analogous cases. 
From this approximately equal angular velocity of all 
parts of the Sun in equid times, it follows that the 
lower and middle regions of the solar atmosphere (in 
which, probably, most of the ascending vapors are 
cooled) would revolve with a considerably greater 
absolute velocity than the proper surface of the Sun, 
where the spots are formed. Now, as the beated vapors 
ascend into these atmospheric regions, they gradually 
acquire the absolute velocity of those regions; and 
when they become cooled, and fall again to the solar 
surface in a denser and more compact form, they would 
take with them a portion, at leiist, of the increase of 
absolute velocity thus acquired; so that the spots 
which they form would really have a greater angular 
and absolute velocity of rotation than the general sur- 
face on which they float. Now, it is clear that the 
equatorial atmospheric regions of the Sun would have 
the greatest absolute velocity of rotation, and that this 
velocity continually diminishes up to the poles of the 
Sun, where it is nothing. Besides, as the equatorial 
atmospheric regions extend outwanls to a far greater 
distance from the Sun's center than those in higher 
latitudes, the absolute velocity of the former would 



bare a greater ratio to that of the lEitter than Ibe abso- 
lute velocity of tbe proper equatorial surface would 
have to that of the proper solar surface of tbe higher 
latitudes. Therefore, the cooled matter which falls 
upon the equatorial regions would not only hare a 
greater absolute velocity, but also a greater angular 
velocity than that which falis in higher latitudes; and 
80 tbe period of rotation of the former would bo less 
than of the latter, in accordance with actual observa- 
tion. 

Tbe equatorial movement of the spots would partly 
counteract this; but this movement is so slow, and the 
existence of an individual spot, whether large or small, 
is so short (about ten or twelve days on the average, 
rarely so high as fifty days), that the effect of this coun- 
teraction is relatively insjgnilicant. The same remark 
also applies to the friction of tbe solar surface with the 
spots; which, if the period of existence of individual 
sjiots were much greater, would reduce their angular 
velocity down to that of tbe supporting solar surface. 
But the friction of a solid body floating upon the solar 
surface, whether gaseous or liquid, would probably be so 
small that, during the brief life of a spot, its effect would 
be to diminish, rather than to overcome, tbe extra 
velocity. It follows, then, from these considerations, 
that the period of tbe Sun's rotation would he some- 
what greater than those of the spots by which it has 
hitherto been determined; and that the greater spot- 
period the most closely approximates to it. 

158, ]f\ture Crust-Devel'ipniettt and Riiuj-FormO' 
lions Upon the Sun. — Thus, then, does the secular cool- 
ing of the Sun proceed ; and thus would it, in all prob- 
ability, continue until, in succeeding ages, and after 
countless catastrophic interruptions, one solid and con- 
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tinuous cruBt would eventually cover the Sun's entire 
surface. And this crust would exp;<.nd outwards at 
llie equator, separate into the ring form, and precipilute 
into a planet with a display of comets and muteorites, 
just as the first crust did upon the originiU sulur 
spheroid ;^thi8 again to be followed by secular cooling 
of the new and diminished Sun, by sunspots and suc- 
ceeding crusts and planets, almost infinitely re{)eated 
through the seeming eternity of the future. 

159. Present Or ustr Development Upon the Earth. — 
On our world we Qnd the development much more 
advanced than it is upon the Sun ; which is scarcely to 
be wondered at when we recollect that, since the birth 
of our planet, two crusts have matured upon, and sep- 
arated from the bosom of the Sun, while the Earth 
lias given birth to just one. But it is only natural that 
the parent should be more prolific than the offspringin 
the earlier period of the latter's existence, even though 
the former did not possess the more iwwerfnl rotation 
and ring- producing energy. The Earth is not yet 
greatly behind-hand in the matter of progeny ; and 
probably long before the Sun gives birth to another 
planet, the Earth will be delivered of a second satellite. 

160. Equatorial Erpanston of the Earth-Crust. — 
The Earth-crust upon which we have our being has 
long since become cold and firm at the outer surface. 
It has long since commenced to bulge outwanls at the 
Eqnator, and this bulging amounts now to thirteen miles 
from the center all around the Earth, This etiuatorial 
expansion, being abstracted chieSy from the polar 
regions, no doubt leaves these regions with a thinner 
crust than that of the lower latitudes; which, alao, 
implies a warmer climate there than would otherwise 
prevail. 
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We appear to hiCVe every reason for believing tbat 
this equatxirial and expansive movement of the Earth- 
crust is now taking place, and will continue to do so. 
It is slow and almost imperceptible; but the evidences 
of its existence are cleaj* and unmistakable. When we 
examine the Earth-crust closely, we hnd that it is in a 
state of continual tremor; indicating, no doubt, the 
continual strain to which it is subjected. Prof. G. 
11. Darwin has investigated these Earth-tremors, 
and the results at which he arrived are best stated 
in his own words in the FurtnighUy Review : — " Within 
the last fifteen years it has been discovered that 
the earth's surface is being continually shaken by 
tremors, so minute as to remain un8usi)eeted without the 
intervention of the most delicate instruments. In every 
country where the experiments have been tried these 
tremors have been detected, and not merely at certain 
periods, but so incessantly, that there is never a second 
of perfect rest. The earth may fairly be said to tremble 
like a jelly. The pioneer in this curious discovery was 
i'ather Bertelli. His experiments relate only to Itaiy.but 
that which has been found true also of England, France, 
Egypt, Japan, Brazil, and a solitary island in the sonth 
Pacific Ocean, probably holds good generally, and 
we may feel sure that earth-tremors or 'raicroseisms' 
are not confined to countries habitually visited by the 
grosser sort of earthquakes." 

It is probable that as the Earth rotates in the heart 
of the great connective atmosphere surrounding it, and 
as the individual connective rays pass from molecule 
to molecule of the Earth-crust, this alternate tension 
and relief would occasion vibrations of the parts some- 
thing lilie those observed. In support of this view, it 
has been observed that earthquakes and earth-tremore 
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1 more frequent during our winter in both hetni- 
i, at which time the strain of the solar connexion 
I the Earth i3 most intense. M. Perrey has also 
, that there are more earthquakes when the 
l\loon is nearest the Earth, and more when she is on the 
meridian than in any other position ; — all of which is ob 
vioasly explicable by the undeniably greater strain of 
the lunar connexion upon the Earth-crust in these 
positions. 

But the strain of the Earth connexions upon the 
Earth-crust, would not atone be the cause of the ob- 
served ti'emors. There is also the centrifugal sti'ain 
caused by the Earth's rotation and which in turn pro- 
duces a slow and gradual tendency of the crust to move 
towards the Equator or place of greatest motion. In 
obedience to this strain the crust is continually moving 
irregularly upwards and downwards and towards the 
Equator. Quoting again from Prof. Darwin in the same 
article : — "Eossi has made some interesting experiments 
with the microphone on microseisma. ... As long 
as the microphone is still, nothing is heard ; but on the 
occurrence of the slightest tremor a noise is audible. 
. . . . The instrument can be made so sensitive, 
that a fly may be heard to walk near the microphone 
with a loud tramp. . . , Rossi phwied bis micro- 
phone on the ground, in a cavern sixty feet below the 
surface, on a lonely part of Rocca di Papa, an extinct 
volcano not far from Rome, whilst he Ustened with his 
telephone at the siu^ace of the earth. He then heanl 
the most extraordinary noises, which, as he says, 
revealed 'natural telluric phenomena.' The sound she 
describes as 'roarings, explosions occurring isolated or 
in volleys, and metallic or bell like Boumls." They all 
occurred mixed together, and rose and fell in intensity 
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at irregular intervals. He found it impossible Ijy any 
artificial disturbance to a microplione to produce the 
greater number of tbese noises. The microphone is 
especially sensitifc to vertical movements of tlie soil, 
whereas the tronometer fails to reveal them. Never- 
theless, there was more or less concordance between the 
agitations of the two instruments. In order, then, to 
determine the noises corresponding to various oscilla- 
tions, he transpoi-ted his microphone to Paliiiieri'a 
Vesuvian observatory, where mild earthquukus are 
almost incessant; here he discovered that each class of 
shocks had its characteristic noise. The vertical shocks 
gave the volleys of musketry and the undulatory shocks 
gave the roarings." 

And again: "Astronomorsareniuch troubled by slight 
changes in the level of the piers of their instruments, 
and they meet this inconvenience by continually reading 
their levels and correcting their results accordingly. Of 
course they also take average results. These trouble- 
some changes are probably earth tremora, with so slow 
a motion to and fro that the term tremor becomes 
inappropriate. This kind of change has been called a 
displacement of the vertical, since a plummet moves 
relatively to the ground. Thus we found at Cambridge 
that as the pendulum danced it slowly drifted in one 
direction or the other. There was a fairly regular daily 
oscillation, but the pendulum would sometimes reverse 
its expected course, for a few minutes, or for an hour. 
During the whole time that we were observing, the 
mean position of the [lendutum for the day slowly 
shifted in one direction; but even after a voyage of six 
woelvs the total change wasstill excessively small. How 
far this was a purely local effect, and how far general, 
we had no means of deternuning. 



OOSUICAL BVOLUTION IN THK FUTUBE. 351 

"This is a subject which M. d'Abbadie, of the 
French Institute, has made especially his own. Not- 
witlislanding liis systematic ubservations, carried on 
during many yeara in an observatory near the Bay of 
Biscay, on the French side of the Spanish frontier, 
hardly anything has been made out as to the laws 
goTerning displacements of the vertical. He has, how- 
ever, been able to show that there is a tendency for 
deflection of the vertical toward the sea at high tide, 
but this deflection is frequently masl^ed by other sim- 
ultaneous changes of unexplained origin." 

Also, it has long been known that earthquakes are 
preceded by tremors leading by a gradual crescendo to 
the destructive shocks, these shocks being, by this 
theory at least, partly due to the sudden adjust- 
ment of parts of the crust to accumulated cenlri- 
fugal stresses. According to this view, then, the 
displacement of the Earth-crust should, on the whole, 
be in a direction towards the Equator; and, as a 
matter of fact, this appears to be borne out by actual 
observation. "An examination of observations made 
at a number of Northern observatories during the 
past seventy-flve years — Konigsberg, Milan, Naples, 
Paris, Pulbowa and Washington — appears to confirm 
the existence of such ciianges. At Pulkowa, which 
fnrnishes the most careful series of observations, a 
diminution of the latitude of 0'.33, equivalent to 
about 23 feet, is indicated between the years 1843 an<l 
1872; but in all these cases the variations are small, 
and wo must be extremely cautious in ascribing them " 
to actual changes of latitude."* It does not seem, 
however, that 23 feet in the timest-ated is bo very small 
A movement of the Earth-crust towards the Equator 

• WltUain C. WJnloak, An Acamnl <^ U>o Priigrtm (n AtXnmMnu In (he 
rearlSSf, p.«L 
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after all; and although we certainly ought to bo cau- 
tious of accepting it as a fact, it would just as certainly 
be very imprudent to regard the evidence of our own 
eyea with undue fiuspicion, because its acceptance would 
so profoundly modify the existing doctrines. Speaking 
of this subject, Prof. C. A. Young mentions incidentally 
— '■ As regards the earth's form and dimensions, it has 
becomequite certain that Bessel's ellipticily (aJj) istixj 
small. Clark's value of ^ Jj is now admitted and em- 
ployed on the U. S. Coast Survey with a decided improve- 
ment of accordance. A slightly larger value even is 
suggested by the most recent pendulum observations, 
and 3 Jj is now adopted in Europe. . . At the same 
lime it is becoming increasingly evident that very little 
is now to be gained by endeavoring to tind a spheroid 
fitting the Earth's actual form more closely. It will be 
best simply to a<lopb some standard (say that of Cliirko, 
but it makes very little difference what), and to inves- 
tigate hereafter the local deviations from it. These 
deviations seem to be larger and more extensive than 
used to be supposed, the station errors in latitude and 
longitude being at least quantities of the same order 
hs the variations of elevation."* 

We have here, then, very strong confirmatoty evi- 
dence of our theoretic deductions. The observations are 
obviously not as complete and decisive as they would 
be if guided by a true principle or system ; but, lacking 
such guiding principle, they certainly seem as decisive 
as could reasonably be expected, in view of the extreme 
minuteness of the phenomena to be observed, 

161. Jiing-Projectum. of the- Eartli^Crust.—\\.K\h 
pears, therefore, both from our theoretic deductions 
and from actual observation, that our world is at the 
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present time continually changing its forni and its 
(limonsionB; continually, but with extreme slowness, pro- 
pelling its surface crust towanis tlio Equator, thus 
diminishing its polar and increasing its equatorial 
diameter. Have we any grounds for believing that 
this cbango is to have a period and will eventually 
ccasel On the contrary, the new system indicates 
that the change will continue into the future, and that, 
instead of ceasing, it will gradually increase in energy. 
For. owing to the increased equatorial diameter, the 
absolute rotatory velocity of the equatorial regions will 
be increased on the basis of the observed equal angular 
rato of rotation of all terrestrial parts, and this in- 
creased absolute velocity .of the equatorial regions will 
in turn increase the centrifugal tendency by which the 
expansion of the equatorial diameter taltes place. By 
this system of evolution, then, we have no alternative 
but to regard the changes now taking place in the 
Earth-crust as mere steps in iite general cosmical evolu- 
tion, subsequent steps of which will be the projection 
of the crust into an Earth-ring, and the disruption of 
this ring into a second terrestrial satellite. 

162, Th^ PHvia/ry Connexion of tJie Earlh-Crvst. 
— We may, perhaps, profitably glance at the various 
steps of this process of change which will take place in 
our Earth-crust, even thougli at the ex[>ense of some 
repetition. Premising, as in the case of the original 
solar spheroid, that atoms are connected with contigu- 
ous atoms, and lliat molecules formed from such atoms 
will also be connected with similar contiguous raole- 
cales by bonds stronger and more complex than ihoso 
of atoms, as the molecules themselves are more com- 
plex than the atoms, we can comprehend how the par- 
ticles of the initial fragments of crust (the ^wrM-^ofc, a* 
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tliey may be termed) would firmly cobere, and iiow the 
connexions between such crust fragments and tlie heated 
vapor underneath (uhicli bold the two together} wouiii 
diminish in complexity and strength from the frag- 
ments downwards into the vapor. And after the crust 
became continuous, as it is at present, we can conceive 
that lis particles are still held together by their molec- 
ular conne:Kions, as well as to the vapor underneath 
the crust by the graduated connexions with that vapor. 
As each particle of the crust originally lay upon the 
bosom of the'vaixir, and so hud its independent con- 
nexion with it, and as the coalescence of particles rea- 
sonably involves also the coalescence of the connexions 
of these particles with the vapor, it follows that how- 
ever piled up and aggregated the crust particles event- 
ually become, each would still have Eub»itanltafly its 
own original connexion with the vapor, although really 
the individual connexions of a mass of particles may be 
joined into a complex bdhd, as the mass itself is a com- 
plex body of molecules. So that between the present 
Earlh-orust and the internal vapor we may |>osit thd 
existence of a bond of union which is equal to the 
aggregated bonds of all the individual particles of tbe 
entire crust. As the crust moves equatorially, it wonid 
evidently be accompanied by asimilar movement of the 
bond ; and when the crust separates from the Earth in 
the ring form, the undiminished bond would still unite 
the ring with the Earth's equator, and would elongate 
by additions (probably to its inner end) as the ring 
expanded outwards. 

163. Oravitatioit Upon the ExpatuhJ Eiirfh-Omit. 
— It has been already intimated that the attraction 
of gravitation varies not only with the law of inversa 
squares, but also in accordance with the surface coadl* 
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tions. The present crust of tho Earth being of a 
highly Jcveloped structure, the moleciilnr luotions of 
the Earth's connective atmosphere are correspondingly 
complex; but as the conneclivu atmosphere passes 
inwards or downwards through the crust and into the 
heated central vapor, its molecular motions would grad- 
ually diminish in complexity until, when the vapor is 
reached, its molecular motions are reduced to their 
simplest form. Assuming that this complexity of 
molecular motions of the connective atmosphere, which 
would inrariably accompany crust development, would 
cause bodies of a similar development with the crust 
to approach or fall towards it, and bodies of a dissim- 
ilar development to be repelled from it, — we can 
understand that the resistance to the outward expan- 
sion of the crust by tho attraction of gravitation would 
thus be very materially diminished. As the crust moves 
eqnatorially, and eventually separates from the Earth, 
the connective almosphere surrounding it would still 
maintain tho complexity of its molecular motions, until 
its final disruption, when all tho acquired compk-.'^ity of 
motion would be lost. But the connective atmosphere 
remaining upon the Earth would evidently correspond 
in the simplicity of its motions to the jtriniordial slate 
of development there prevailing. This consideration 
by itself implies, therefore, that a botly of a similar, 
development to that of the ring, if pluced at rest 
between the ring and the Earth, would gravilato to the 
former, rather than to the latter. But how much this 
factor of gravitation would lie antagonized by the den- 
sity factor, we do not appear to possess tho data to 
determine. It seems prolmble, however, that the resis- 
tance to the outer movement" of thu ring would arise 
chielly from the molecular connexions of the ring itself, 



356 



A SKW TIISOBT. 



and from the tenginn of the primary connexion with 
the Earth. Ami when the ring would eventually 
fracture at some ^veak point, the developwl atmos- 
phere which still surrounds it would draw the separated 
parts to the point of aggregation, perhaps with nearly 
as great an energy as it now exerts on falling bodies. 

164. Open Poliir &a«,— There can scarcely be any 
doubt that, owing to the equatorial expansion of thir- 
teen miles from the Earth's center, which has already 
taken place, the crust in the neighborhood of the 
Poles must be much thinner than it would be if no suoh 
expansion took place. Whether this thinness of the 
polar crust is such at the present time as to cause the 
open polar sea, bo persistently believed in by some 
mariners, is a matter to be determined only by future 
observation. Its existence is, however, clearly a 
deduction from the new theory either now or at some 
future time. And there are good reasons for believing 
that it really exists now. The coldest places, in the 
Northern Hemisphere at least, are not those nearest to 
the Pole, but those about 20* south of it — one focus 
being in northern Siberia, and the other in North 
America, Going north from these foci, the climate gets 
gradually warmer; and on the approach of winter, the 
birds of passage of these regions are observed to fly 
northwards. 

165. Imier Fringe of tite Earth- Ring. — As the crust 
would continue to expand at the Equator, the crust ai 
the Polos would become more and more attenuated ; 
and eventually, as the expansion procoods, the polar 
crust would fracture down even to the original vaiKjr. 
As this polar fracture continues to widen, the equator- 
ial expansion would become comparatively more rapid, 
as one of the hindrances to such L-xpansion, tlie moleoQ- 
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lar connexions of tlio crust itself, is tlins to a great 
degree overcome. In the wake of the borders of the 
fiolar fractures as they move towards the Equator, 
would follow aninceptivecrustof aliquidorscoriaceoua 
nature, which would form through the cooling influence 
of ocean and air upon the exp(^sed sea of vapor ; and 
when the borders of the two polar fractures finally meet 
upon the Equator to form the inner edge of the solid 
ring, this neoplastic crust would form as the ring 
expanded outwards, aa inner fringe, thinner and thin- 
ner towards the inner edge, until itultimately dissolves 
into the ring-connexion. 

106. Tlie Higher Forms of Life as Afeded hy 
Tltese Cho/nges.^-ln this process of the evolution of our 
world, there does not appear to be any indication ot 
sudden and serious catastrophes, at le:tst until the stage 
of the ring-disruption is arrived at. Violent shakings 
and snappings would characterize tlio equatorial move- 
ment of the crust in the future, just as in the present 
and in the past, and very likely with just the sjinie dis- 
astrous and fatal results; but these quakings and 
snappings would evidently occur in those regions under- 
laid with great thickness and extent of solid rock, and 
the disastrous ones only where this rock exists near the 
surface. For in those regions where the solid rock is 
wanting in the crust, the yielding would evidently he 
so slow and gradual as to be imperceptible ; and where it 
is deep down beneath softer material, the jar would be 
about absorbed by the latter before arriving at the sur- 
face. 

After the polar fractures would take place, there 
would be geysers and volcanoes and earlh-trembling 
for a time probably on a much grander scale than at 
present ; but this would take place far from the abodes 
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of man ; ami the most probable ultimate effect of llie 
inoreasetl seismic activity at the I'olee, would be the 
amelioration of the frigid climate now prevailing 
around them. But long prior to the separation of the 
crust iu the ring form, gradual changes in the quality 
of the atmospiiere, arising out of these distorbaaces, 
would presumably take jdaco ; and these changes might 
fatally affect, or at least depau[jerate, the higher forms 
of animated existence. And after the separation of 
the crust, the distribution of air, water, heat and grav- 
itation upon it would evidently change to such an 
extent as to make the extinction of the higher forms 
of life no longer improbable. For the air that we 
now breathe would certainly not all apix>rtain to the 
crust in its ring form, but probably such a part of it 
only as the mass of the ring is of the mass of the entire 
globe; and the same remark would also apply to the 
connective atmosphere; so that both air and gravita- 
tion would be very grea,lly modified upon the Earth- 
ring. Moreover the extreme heat to which all but the 
outer edge of the ring would be subjected from the 
fiery globe of the Earth, together with the probability 
that the remnant of the waters not gasified and thus 
retained by the Earth, would seek the outer edge of the 
ring and there form an ocean — all these probiible cir- 
cumstances confirm the belief that the ossontral con- 
ditions of all but the lowest forms of hfe upon every 
part of the world would be entirely subverted. What 
rt^mjiined of the labors of our hands fn>m the oniel 
erosion of the winds and the waters would bo the Mile 
mementos — alas ! not mementos, but mere material 
and unrecognized remains — of our race ; and these 
would presumably endure through the dreary and ster- 
ile ages of the ring-expansion. 
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167. Dkruption qf the Farth-Iiinff.— But the 
continaal expansion of the ring would not forever be 
compatible with its slabilily as such. It must sooner 
or later yiolil to iho ever-increasing centrifugal strain 
upon it. The Unal crash must come; and all the 
development which ages of ages have accumulated 
would pass into its original vapor. All the arts and 
sciences which we have been at such infinite pains to 
perfect ; all our vast literature and almost perfected 
intellectual culture; all our grand monuments of archi- 
tecture and engineering; our inventions, our plans 
our hopes, our fears, our loves, our memories — all melt 
away forever! Not the least vestige or trace would 
remain to te!I the story of our being, our wealth, our 
splendor, our niagniticenee, our inteliigencel From the 
vapor out of whicii we arose, to ihat vapor shall we 
return ; and in that vapor shall our achievements be 
buried and our memories be eternally forgotten! 

168. T7ui Sole Mementos of Our Sace Which May 
Pmmbhj Suroive Us. — It may indeed chance that a 
very slight trace of us would survive the awfid con- 
vulsion. The fragments which by the tremendous 
energy of the crash are hurled outwanls to wander 
through space, may bear some marks of our inscrip- 
tions and our handiwork. Prof. S. P. Langley, speak- 
ing of the same subject, from a different standpoint, 
gives utterance to the same thought in referring to the 
possibility of "a meteorite bringing to us tlie story of 
a lo8t race in some fragment of art or architecture of a 
lost world." At least the rocks in which are buried 
the solid remains of the lowest organic forms — these 
may partly escape destruction; and as they wander 
through space in after ages, they may fall upon some 
remote inhabited planet and convey to the beholder 
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the intelligence tliat other worlds than his own, some- 
wbero in the realms of space, have been peopled with 
animate forms. 

The eminent geologist, Dr. Hahn, has a few years 
ago completed a series of Investigations upon some 
huge meteoric stones which fell from the sky in llun- 
gaiy during the summer of 1866. Thin laminEB of 
tliese bodies, subjected to examination under a power- 
ful micn^cope, have been found to contain what was 
supposed to be coralline and spongeous formations, and 
to reveal unmistakable traces of the lower forma of 
vegetation. The writer is aware that these alleged 
discoveries of Dr. Ilahn are almost entirely discredited 
by men of science. But bow far this may be owing tu 
the totally different views on the origin of meteorites 
which these scientists entertain (by the most generally 
accepted of which such formations and tnioes would 
of course, be impossible), I shall not pretend to say, 
particularly as I have not examined Dr. Ilahn's draw- 
ings. His conciuaions, however, are in direct accord- 
ance with the new system ; and not his only, but those 
of others who have impartially examined the subject. 

Such traces as these are all that would remain of as 
and our surroundings; and apparently they can remain 
in no otiier manner. In all probability, then, the me- 
teorites are our most permanent monuments; and alas I 
even they are but transient. 

169. Prdunar and Other Races of ManJcind. — 
After all, our fate is but the fate of other races of 
mankind which have, in all probability, precetled ns; 
and will be tlie fate of others that will, in all proh- 
abdity, follow ns. There appears to be no reason t« 
doubt that our world was inhabited while yet the Moon 
laid upon its bo.som. All the conditions wliich aovr 
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supervene in ull UkcHliood supervened then: tlie ssiine 
genial wanatli of the Sun — interrupted for a. time by 
an ice age, prior to the birth of Venus, as in our own 
epoch it has been just prior to the birth of Mercury ; 
the same atmosphere, only somewhat more dense, per- 
liaps ; the same moisture, and the same ages on ages 
of crust-development. And these conditions would 
leave notliing to bo desired more than we enjoy, to 
bring foith the successive steps of the ascending or- 
ganic development up to the highest order of liunian 
intelligence; which may, indeed, have been higher 
than n-e have even tiie capacity to imagine. The time 
for Buch developuient had surely been ample, as, no 
doubt, it will be with ourselves. 

But this prelunar race with all its supposable per- 
fectness has dissolved away forever ; and it may indeed 
be that another, but a different race will arise from 
their ashes, who. in their turn, will suffer a similar fate. 
We can assign no valid reason why the Sun, and even 
the Moon, should not eventually be inhabited. It is 
true that there is little or no evidence of the existence 
of air upon the latter at the present time ; and in any 
event the air upon the Moon would be less for equal 
areas than upon the Earth, becaiiso the surface of the 
former is greater relatively to its mass ihan the surface 
of the latter is to its mass. But while this would evi- 
dently tend to modify organic beings as wo know 
them, we have no right to suppose that it would 
render the existence of alt organic beings impossible. 
It is also true that we see upon the lunar surface not 
the least sign or trace of water, nor even of its vapor 
in the lunar atmosphere. But we must remember that 
the Mooii'scrustat the present time may, in accordance 
with the new svstem of things, be so little cooled from 
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its original state ae to be still quite hot. If this should 
really he the case, as indeed many apparently undenia- 
ble changes in the craters of the lunar volcanoes* ap- 
pears clearly to indicate, do water could possibly exist 
upon the Moon's surface ; and the lunar gravity being 
at present comparatively small, and the lunar air bo 
thin, the most reasonable form in which water could 
be supposed to exist there is in a gaseous state, or state 
of dissociation into its elements ; in which it would not 
only be invisible to us, but would idso very likely have 
little or no effect in refracting the rays of light which 
piiss through it. 

The Moon is a planet and the Earth is its sun. It 
evidently does not receive as much heat fi-om the Earth 
at the present time us the latter does from the Sun ; 
but it iriai/ receive more heat to-day from the Earth 
tlian it does from the Sun, owing to the differentiation 
of the connexions which has already been sufficiently 
discussed. The Sun also is a planet with respect to its 
sun; and its surface conditions may eventually bo 
nearly the same, with respect to the existence of life, 
as now obtains upon the Earth. 

170. Continued EvolutwH., andifie Limit at which 
the Process vf Sub-division w(tuld t'ease^ — The same 
process of evoluiion in various stages of adTancement 
ap()ears to be general. The Sun, the Earth, the plan- 
ets, the Moon, the satellites — each is oontinually becom- 
ing colder at the surface and developing its crust ; and 
as each has more or less of axial rotation, a centrifugal 
stniin and an equatorial movement of the crust inevita- 
bly ensues ; this eventually culminating in the separation ■ 
of the crust in the ring form, and in the precipitft- 
tion of the ring into a new and independent body. 

•8c« H. A. Proctur. The Moon, pp. WTS. 
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And thon tbe new bodies asid the old begin the same 
process over again. 

Tiie c|U{jstiun now arisea — Where is this process of 
evolutiun to end ? — for certainly it cannot continue for- 
ever. There is one hmit beyond which we may postu- 
late with tenijK>rary safety that the process will not 
continue, and that is the Atom. But between this 
limit, distant as it may seem, and the present stage, tvc 
apparently can assign no line beyond which it would 
not continue. The conditions of tho process are an 
axial rotation, surface refrigeration, and distinct com- 
ponent elements. Tbe Qrst, all bodies have from tho 
manner of their origin, the second, is a consequenoe 
necessary from the nature of the sphere, the peripheral 
atoms and molecules of which have naturally a greater 
freedom for transferring their motions to the great 
interplanetary and interatellar connective atmosphere 
than the atoms and molecules subjacent^aiid the third 
makes the .separation into independent parts conceiva- 
ble and possible. It may be, however, that the third 
condition is really unnecessary; that, in fact, the Atom 
itself, if its rotation be sufficiently great, would be 
amenable to the same process of subdivision a.s a planet; 
80 that its definition alone would constitute its rather 
flimsy protection from the disintegrating inSuence 
universally manifested in nature. 

We seem to have no alternative, therefore, than to 
reganl it as a certain deduction from the new system 
that the process of evolution which we now see going 
on around us will continue to go on until all matter is 
retluced to its proximately ultimate divisions. And 
this applying to the universe as well as to any particu- 
lar system, we thus finally arrive at the same state of 
things with which we started — a universal spheroid of 
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approximately homogeneous vapor — which in tnm 
ilevelops a surface crust, and repeats over again the 
same grand evolutionary round of subdivision and segre- 
gation. 

171. Netx8»ityfora Glimpse of the SuccegsiveStagea 
of Coamical Evulutiim. — It seems utterly beyond the 
power of the human intellect to follow the various and 
apparently innumerable stages of this grand round of 
physical evolution from the present down to the atomic 
stage. And yet, in order to obtain a true under- 
standing of the phenomena of our environment, some 
glimpse of these various stages appears to be absolutely 
necessary. For, if tlie new system be the true one, these 
phenomena are results which have been determined by 
similar cosmic rounds of evolution in the ages of ages 
of the long, long past. Heat, light, gravitation, mag- 
netism, and life, being now acknowledged on all hands 
as various forms of atomic or molecular motion, it 
behooves us to trace if possible the successive stages of 
evolution which lead down to molecular and atomic 
phenomena in order that we may rightly comprehend 
the mechanism by, or in, which they exist. Imper- 
fectly as we can only hope to perform a labor of such 
magnitude, yet some general deductions may be arrived 
at which will be, perhaps, near approximations to the 
truth, and therefore valuable for our guidance. 

173. Expansion of Suolvin^ Systems. — As already 
intimated the orbit of Neptune probably extends out- 
wai-ds considerably beyond the primordial limits of the 
solar spheroid ; and similarly, perhaps, with the Moon's 
orbit with respect to the primordial limits of the Earth, 
and with the orbits of sub-satellite, sub-sub-satellit«s, 
etc., with respect to the original limits of their respect- 
ive primaries. But evidently the amount of recession 
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of the bodies imiiiedialely arising from the parent of a 
syatem would considerably depend upon the original 
velocity of rotation of that parent (Art, 100, c and d ) ; 
that system in which the rotational velocity of the 
parent was the greatest obviously having the great- 
est amount of recession. In the Solar System theoriy- 
inal rotatory velocity of the solar spheroid has been 
such as to cause a certain amount of recession; but 
in otber systems of similar order this velocity may 
Lave been comparatively very small, so that little reces- 
sion would take place ; and in still others it may have 
been comparatively great, so that a much greater 
amount of recession ivould take place than in the Solar 
System. 

In the Solar Syatem the recession appears to be so 
great that the similar recession of bodies in the plane- 
tary systems of which it is composed, is not likely over 
to interfere with the proper motions of these systems. 
For example the utmost reasonable recession of the 
Earth's system, or of the various sub-systems wliicli 
would eventually compose it, can hardly be supjiosed 
over to exceed 13,000,000 of miles from the Earth's 
center, or about half of the least distance that ever 
separates us from the nearest planet, Venus, And 
what is true of the Solar System in this respect 
would evidently be true of sister systems in which 
the original rotational velocity was as great or greater, 

173. Eventual Irderfet-ence of Evolving SysUmn 
and the Results. — Bat In a system where the original 
Felocity was comparatively very small, and in which 
the recession of the bodies arising from its original spho- 
roid was small in consequence, this, it appears, would 
not be the case. For such a system the component Rub- 
or planetary-systems would he situated close together. 
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and as these sub-systems were eventually subdivided 
into lower and lower orders of systems, which might 
ultimately espand outwards, just as in the Solar Sys- 
tem,* the obvious consequence would seem to be an 
eventual clashing of the motions of the component 
planetary, or sub-systems. In this clashing or col- 
lision of the bodies of neighboring systems, several 
things are to bo noticed; (1) It would likely take place 
at first between the two outer sub-systems, bocauA tliese 
are the older and their evolution consequently more 
advanced; (2) the bodies would colhde from opposite 
directions with respect to their motions in all ordei's of 
systems lower than the planetary, because the plane- 
tary systems, of which thoy are the peripheral com- 
ponents, revolve in the same general direction, and 
thus about all sensible motion of the colliding bodies 
would cease, except their proper planetary motion; (3) 
the colliding bodies would be reduced to their original 
vapor, as the violence of their collision would probably 
be even greater than that of the aggregating matter in 
the disruption of a planetary ring, and (4) the gaseous 
masses thus resulting would gravitate inwards to the 
centers of their respective planetary systems, owing to 
the destruction of about all their motion aronnd these 
and probably other subordinate centers; and as the 
products of the collision were falling into the center of 
each planetary system, each of the other bodies which 
revolve around tliis center would impinge upon and 
impart to them a portion of its own motion, so that, as 
the center was more and more approached, the rota- 
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tion thus imparted to the vapor would be more and 
more accelerated. And endless varieties of these phe- 
nomena, depending upon the systemic order and tlie 
endless variations of the masses and motions of the 
colliding bodies, would obviously take place. 

174. Effects of th^ Irregular Moiiotis of Comets and 
Mete&ntea. — But these varieties are but a moiety of the 
cosmic phenomena of this nature. The comets and 
meteoritic streams, which no doubt appertain to every 
other system as to our own, and which, quite possibly, 
fonn the greater portion of it, would continually fail 
at all inclinations and from all directions upon the 
plane of rotation of the system and collide with its 
component parts. Thus would arise motions of gase- 
ous masses in planes at all inclinations to the systemic 
plane, and thus would the planetary system eventually 
assume a more and more globular form. 

Even in our own Solar System, and in every system 
which had an equal or greater amount of primordial 
rotation, the agency of comets and meteorites would 
ultimately produce the same effect. For as the vai'ious 
subdivisions of the sj'stem continually subdivided and 
expanded, the probability of collision with the come- 
tary and meteoritic bodies would become gnjater an<l 
greater, and every collision, by expanding the colliding 
bodies to still greater dimensions, would still further 
enhance tbe probability of such collisions in the future. 
So that whatever system we start with, groat or small, 
or swiftly or slowly rotating, we ultimately arrive at 
aliout the same result — at about the same state of mat- 
ter aji that with which we began — a rotating spheroid 
of vapor. 

JT6. Corrolonitivf Eoidiriiccis. — Glancing at the Si- 
dereal System, we can not fail tn observe thousandjs of 



A SEW THEOBT. 



instances confirmatory of this conclosion to which the 
new tlieory has detl actively led us. Here we find 
syntems in all i^tages of subdivision and development, 
just as the theory has led us to expect. There are reg- 
ular and irregular, resolvable and irresolvable, nebulae 
in almost endless variety ; and the Milky Way, which 
the theory indicates to lie in the equatorial plane of 
rotation of the Sidereal System, appears to be an inti- 
mate mixture of all these, together with innumerable 
stars of all orders of magnitude. We may briefly 
examine these various phenomena to see what interpre- 
tation of them the new theory furnishes. 

Regarding the Sidereal System as originally con- 
sisting of a rotating gaseous spheroid in all respects, 
cJceept that of magnitude, similar to the solar spheroid, 
from which all of its present members have descended 
as the result of the continued process of cosmical evolu- 
tion in the past — we shall reasonably expect to find 
among these members some in which, owing to their 
primogeniture, the process has been carried to a much 
greater degree of subdivision than in our Solar System ; 
and this, to the number of many thousands, is just what 
we observe. 

(o) The Reyvlar N^iUa. — Basing our judgment on 
all available evidence, the irresolvable nebulje are 
instances where this cosmical comminution has been 
carried nearly to its ultimate stage. These ncbulffi are 
either globular (in which case they are cMoiA planetary 
nt-hukc) or oral. Planetary nebulae are regarded as 
very extraordinary objects, presenting round or slightly 
oval discs, in some cases terminating sharply, in others 
bordered with a softened haze. Their light varies from 
perfect equability to a mottled or curdled appearanc*, 
and from a faint white to a deep blue. These colon 
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imply a nearly similar physical eondilion to that indi- 
culed by the spectroscopo to prevail upon the white 
stars, a few of which approach to a faint blue. The 
spectra of the planetary nebula is of the discontinuous 
kind, and consists of a few bright lines, and their light 
is shown by Huggins and Lieut. J. Ilerschel to be 
inonochroruatic, or nearly so; which are the accepted 
indications of an incandescent gas. 

The oval nebulje are of all degrees of excentricity 
from moderately oval forma to ellipses so elongated as 
to appear almost linear; the latter, no doubt, being 
edge-views of still-flattened systems. These nebula? 
evidently correspond to those systems in which the 
centrifugal tendency of the original rotation, ami there- 
fore the amount of expansion or recession, was great; 
white the globular or planetary nebulae correspond to 
those in which the centrifugal tendency and consequent 
recession was small. The elliptic nebula} arc rarely 
resolvable. In all of them the density increases 
towards tlie center, and generally, so far as can be 
judged by their telescopic appearance, their internal 
strata approach more nearly to the spherical form than 
their external strata. Such of these as admit of reso- 
lution, or are of a resolvable chaiticter give continuous 
spectra, showing light of various degrees of refrangi- 
bility, and indicating incandescent solids or liquids; 
wliile those that are irresolvable give the bright-lino 
spectrum characteristic of the planetary nebula!. 

Evidently by the new system of evolution the 
irresolvable nebnlse are the oldest, in which the profess 
of planetary subdivision has been carried nearly 
towards its ultimate limit; while the more and moro 
resolvable nebtdte are those in which the process of 
subdivision has bucn less and ]vss advanced ; the leant 
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resolvable of which therefore consists of innumerable 
starlets or planetoids which are individually so small aa 
to bo barely discernible in telescopes of the higliosl 
power. Of this latter kind is the elliptic nebulso in 
the girtllo of ADdromeda which in a reflecting tele- 
scope of 18 inches aperture is quite irresolvable; bat 
which with the exquisite defining power of the great 
achromatic at Cambridge, U. S., though not itself 
clearly resolved, was found to be thickly sown over 
with visible minute stars so numerous as to allow of 
200 being counted in a field i of a degree in diameter. 

By the current cosmogony, the irresolvable nebula) 
are the youngest |>ortioas of the Sidereal Systeni^por- 
tions in which the primordial "world-stuff" is just 
aggregating by gravitation into the parent spheroid 
of some future solar system ; and the resolvable nebulie 
are somewhat older members in which the process of 
aggregation is more advanced — the elliptic form and 
inuumer-able minute bodies of which they are composod 
thus of course remaining unaccounted for. 

(5) Th« Irregular Nelnilm. — Besides these nebuto 
of regular form there are other nebulae of forms that 
seem to us very irregular. These are noted for their 
very great extent, and they have also this one import- 
ant characteristic in common — a location in, or very 
near the borders of the great Milky Way. Now since 
the Milky Way is supposed to be in the equatorial 
plane of the Sidereal System, wo might expect to meet 
here with innumerable nebulas together with stars of 
all orders of magnitude, just as in the equatorial plana 
of the Solar System we meet with the great bulk of thfl 
regular bmlies which it contains. And this is jusi 
what we find. The stars are indeed numerous h»^ 
and the vast majority are both comparatively small 
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and distant; indicating that the process of subdivision 
has been carried on at the periphery of the Sidereal 
System to a greater degree than at the central 
regions, just as, according to our theory of sidereal 
segregation, it should be. And in still further con- 
firmation of this view we observe that beypnd all of 
these stars are situated the irregular nebulte. Sir 
John Herschel, after observing one of these nebuljc 
through his telescope, says: "The conclusion can 
hardly be avoided that in looking at it we see through . 
and beyond the Milky Way, far out into apace, through 
a starless region." Ueyond, or rather in the outskirts 
of the Milky Way, the nebula undoubtedly lies; but 
its relative farnesa and its starless environment, while 
they are suggested naturally enough by the utter dark- 
ness of the regions beyond, are in all probiibility 
imaginary. Moreover these irregular nebula- are found 
chiefly in groups, wliicli also accords with the theory; 
for it is those systems first originating in the Sidereal 
System in which the nebula? would chiefly appear; and 
these would occupy separate spots in the equatorial 
plane, just as our planetary systems do in the equa- 
torial plane of the solar rotation. The remaining 
feature of irregularity of form may be assignable to 
two apparently sufficient causes: first, the vast number 
of these sm>erposed upon one another in the tine of 
sight, and second, their immense distance from us 
which prevents our seeing them in all their complete- 
ness. With regard to the first cause, Sir John Iler- 
schel, speaking of the Magellanic Clouds, or the nu- 
becula?! major and minor, visible to the naked eye in 
the Southern Hemisphere, and which arc quite prol»- 
ably nothing more than irri-gulnr m-hula^ in a less 
distant region from us, nays: "When examined through 
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powerful telescopes, the constitution of the nubeculie, 
and eapecially of the nubecula major, is found to be of 
astonisliing complexity, Ttie general grouml of both 
consists of large tracts and patches of nebulosity in 
every stage of resolution, from light, irresolvable, with 
18 inches of reflecting aperture, up to perfectly 
separated stars like the Milky Way, and clustering 
groups sufficiently insulated and condensed to come 
under the designation of irregular, and in some cases 
pretty rich clusters. But besides those, there are also 
nebulae in abundance, both regular and irrcgnlor; 
globular clusters in every state of conflensation ; and 
objects of a nebulous character quite peculiar, and 
which have no analogue in any other region of the 
heavens. Such is the concentration of those objects 
that in the area occupied by the nul)eeula major not 
fewer than 27S nebula? and clusters have been enamer- 
ated, besides 50 or 60 outliers," 

It is this grouping together in the immensity of 
apace to which the irregular form of all such nebulie 
may chiefly bo ascribed. For, however regular may 
be each mdividual component nebula, yet these to the 
number of many hundreds, and probably thousands, 
may be so arranged naturally as to pre,sen|. a fantastic 
or capricious appearance — just as the configuration of 
the planets of the Solar System may never ba\e a rog^ 
ular form aa a whole, although each planet is itself of 
a regular form, and has a regular motion around n 
common central body. 

Another circumstance also which would tend to 
render nebulie amorphous, and esiiccially such as ara 
of a resolvable nature (as the irregular nebulie almost 
invariably arc in whole or in part), is that many of 
their component bodies or planetoids must, at tbeir 
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extreme distance, be invisible to us. Annular nebula;, 
e. g., are probably systems in which the peripheral 
sub-systems, owing to their expansion, as alrewly no- 
ticed, have collided t^jgetlier, the resulting vaporous 
mass becoming self-luminous, and having so little cohe- 
sion as to be distributed over the entire path of these 
sub-systiinis ; while the inner sub-systems, coni]>oFe<] 
of planetoids wbieb are not self-luminous, remain 
invisible. 

The spiral nebula; are readily derivable from the 
annular, when sufficient time is allowed for many col- 
lisions of the component sub-systems and for the slow 
gravitation inwards of the resulting vaporous annuli 
in the manner already described. Kcbulous stars 
would result from a still longer continuation of this 
process, when the vapors would nearly all have aggre- 
gated at the center. And besides these it may be 
added that the irregular action of cometary bodies 
would obviously constitute a third cause of the anomal- 
ous forms which nebula? so frequently pi-esent. 

(o) Observed Changes in Nelmlar Forms. — In fur- 
ther confirmation of this view, various changes of 
appearance have been suspected in the irregular nebulas 
which seem to be clearly attributable to such relative 
motions of their component parts as the theory here 
predicates. Owing to their great distance fi-om us, 
the theoretical slowness of their angular motions, and 
the invisibility of all but their incandencenl. and larger 
components, only small and almost imiwrccptiblo 
changes in their apfienranee are to be looked for; and 
these, even in comparatively short periods, we liave 
good reasons for regarding as actually taking place. 
The Magellanic Cloutls, according to Sir W. llei-scbel, 
bav« undergone important changes during a lifetime 
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(PUU. TroTie. ISll). The great nebula in Orion is now 
goiierally ailmitled to be in prouess of cliange. The neb- 
ula surrounding the variable star, Eta Argus, is also^sub- 
ject to great changes. And probable movements are 
shown by Prof, lioiden to take place in iho Omega 
nebulie.* Prof. Ilolden saya: "These drawings show 
that the western ond of this nebula hat; moved relatively 
to its contained stars from 1833 to IS62, and again 
from 1S62 to 1875, and always in the same direction." 
And several other instances of this kind could be raen- 
tioned. 

Beside these changes of nebular form, movements 
of the nebula as wholes also take place. "Several 
objects observed as nebulaj are now missing from the 
heavens." " There are cases in which a nebula, undoubt- 
edly such, have either disappeared and reappeared in 
the same place, or has undergone some reinai'kablo 
changes of brightness ; or, lastly, has been observotl lui 
a conspicuous object in a part of the heavens so 
well known as to make it exceedingly improbable 
that it should have escaped all previous observa- 
tion."! These, as well as nearly similar phenomena 
among the stars, are very probable, owing, at least in 
part, to the proper orbital motions of our ovra system 
and of the S3'stems containing those bodies. Aside 
from the rotatioD of the Sidereal System as a whnle (in 
which, however, every member probably has a different 
angular and absolute velocity) nearly every body which 
that system contains has an indefinite number of minor 
rotations ae members of the various sub-systems cS 
which the Sidereal System is composed; and by virtue 
of one or several of these rotations, some of which are 
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of very great amplitude, the bodies and ourselves are eon- 
tinually either approaching towards, or receding from, 
each other ; the approximations obviously causing the 
new appeamnco, or tlie greater brightness, of thu 
bodioB, and the recessions causing their disappearance, 
or diminished brightness. These phenomena are com- 
monly ascriU^d in the current theory to practically the 
some causes. 

(rf) Teithporary Starts. — But other phenomena are 
currently attributed to other causes than those tvhich 
are here indicated ; among which are temporary stars 
and variable stars of regular periods. Temporary stars 
are those which have appeared from time to time in 
different parts of the heavens, blazing forth with extra- 
ordinary luster; and after remaining awhile apparently 
immovable, have died away and left no visible trace. 
Acconling to Humboldt, twenty-one such stars were 
recorded during the interval 134 B. C. to li'48 A, D, 
Such stars are recorded to have appeared, one, 125 
B. C, visible in the daytime; another, 389 A, D., 
remaining for three weeks as bright as Venus and 
eventually disappearing entirely; others in 945, 12G4 
and 1572; the last, in Cassiopoeia, studied by the cele- 
brated Danish astronomer, Tycho Brabe, surpassing 
both Sirius and Jupiter, when brightest, and being 
visible at mid-day. It began to diminish in December 
of the same year, and in March 1574, had entirely dis- 
appeared. Also in October lfi04, a star of this kind 
and not less brilliant burst forth in the constellation of 
Berpentarius, which continued visible till October, 1 005. 
In May 1866, one appeared in the Northern Crown 
exceetling the second magnitude in brightness. This 
fitar was spectroscopically investigated, and, according 
to Huggins" the8|)ectruni indicated two distinct sources 



of )igbt, each proihicing a separate spectrum. One was 
a continuoua spectrum crossed by dark lines similar to 
tliaL yicldeil by tbe sun and most of tbe stars. The 
utlicr consisted of four brilliantly bright lines. The 
first spectrum sbowin] a photosphere of cooler vapors 
giving rise by absorption, to the dark lines. The other 
spectrum sliovved the presence of an intensely luminous 
gas which was apparently hydrogen at a higher tera- 
IKjrature than existed in the photosphere of the star.*'* 
Now these phenomena correspond precisely with 
those of a ring-disruption upon some sun in a distant 
region of the Sidere<vl System. Prior to the disruption, 
the ring itself and its |Kirent body would bo invisible 
to us owing to the distance, comparative sm;illness, ro- 
motencssof relationship, or possibly all three; butaft«r 
tho disruption, the ring-substance would be reduced to 
its original vapor, all of which aggregating into one 
mass of intense heat and luminosity, would very rea- 
sonably become visible to us. This is clearly indicated 
also by tbe two spectra above tiescribed ; tJie ga.'^cous 
spectrum of bright lines obviously belonging to the 
newly vaporized ring-substance, and the other spec- 
trum of dark lines belonging to the original sun upon 
which the ring was generated, and partly, periiaps, to 
comets and meteorites originating in the collapse. 
These latter bodies, as already intimated, may contain 
by far the greater portion of the ring-substance, and so 
may give rise to a separate siwctnim of their own, to 
which that of the original sun might also contribute. 
To the abstraction of these bodies from the general 
aggregated mass and their wandering apart into distant 
regions (together with comparative smallness of the 
bodies) would also be reasonably attributable the graJ- 

*Ali)iaador Wlnuhell, WmUULifa. p. til 
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uat waning or dying away of the new star. The com- 
etary velocities, while really great, would yet owing to 
their distance, require months, and perhaps even years 
to separate so widely as to dissipate into invisibility ; 
while, when the individual bodies were apparently close 
together, though reaily separated perliaps by planetary 
distances, the whole would bo visible in one glare as if 
produced by a single body at a tiistance not so great. It* 
was fonnerly thought that these stais entirely disap- 
peared; but, as a further contirmation of the new views; 
" it is now maintained that none of the temporary stars 
are new originations, and that none of them have dis- 
appeared from existence, if even from visibility. That 
occurring in the Northern Crown is still telescopically 
visible; and it is maintained that the new stars of Tycho 
and Kepler may still be seen,"* exactly as the new 
theory predicates. 

The explanations usually given of these "temporary 
stars" are, (1.) Collisions of planets precipitated in- 
wards with their suns, This if [>ossib]e, would cer- 
tainly account for the sudden blazing forth of the plan- 
etary and solar substance into vajwr. But a very 
apparent and fatal objection to it is the brief duration 
of the phenomenon ; as, in the absence of cometary 
and meteoritic abstractions, a pair of united worhia 
thus made incandescent would obviously require a 
much greater time for the dissipation of their heat. 
(2.) Eruptive action on an incrusting globe, just as vol- 
canic eruptions have taken place upon our own world. 
But this is clearly inadequate. In the Ilrst place, either 
as lava or as gas, it could hanlly be supposed to take 
place over the entire surface of a world at onco ; and 
in the second place, the two spectra observed are 
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Uius entirely unexplained, as ouly one solid or liquid 
body surrounded hy a. tuniinous gas is implied ; which 
accounts for only one of the observed spectra. (3.) 
OoUisiou of a darkened star with a cometary body. 
But tills iso))oa to the same objection as explanation 
(1) and both explanalioTi8(l) and (3) are open to the 
second objection to explanation (2) as accounting for 
-only half of the observed phenomena. 

(e) Double, Triple, and MvUiple Stars. — More- 
over we have in other regions further evidence support- 
ting the views here advanced. The double, triple and 
multiple stars are now observed to be minor systems, 
the visible membersof which are incandescent. Double 
stars are frequently observed, numbering between 
4,000 and 5,000, while triple and multiple stars are 
very rare, numbering only about 53 in all. The former 
would evidently be composed ot a central sun and a 
new planet of recent origin revolving around it, sev- 
eral of them having been actually traced through com- 
plete revolutions, and some of their periods or yeara 
varying from 36 to 1,200 of ours. The triple and 
multiple stars similarly imply the nearly contemiwrary 
origin of bodies corresjKjnding to both planets and 
satellites in the same system, which seems to be fully 
corroborated by the extreme minuteness of all but one 
or two — SUE and planet — of the component boilies. 

(/) Periodic Stars of Short PerieHL^Vfe are thus 
naturally brought round to the phenomena of the peri- 
odical stars, which in all probability will be found to 
have their true explanation based upon the same facts. 
These stars alternately increase and diminish in 
brilliancy, the changes having fixed periods varying 
from two days to about a year. The star Algol, or 
Persei, e. ij., is usually visible as a star of the 
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second magnituclii and continues so for 2 d. 13^ lii-s., 
when it suddenly begins to diminUh in splendor, and in 
about 3J hrs, is raduced to tlio fourth magnilnde at 
which it continues about 15 min. It then begins to 
increase and in 3^ hrs. more is restored to its usuid 
brightaess, going tiiruugli all its changes in 2 d. 20 
hrs. 48 min. 64.7 sec. Goodricko, the discoverer of 
these changes took the view that they ivere caused by 
the revolution round the star of some opaque body 
wbicb, when interposed between us and the star, cut 
off a large portion of its light. This explanation does 
not appear to incur any serious objection, and is quite 
in harmony with the new theory. If it be the true 
one. however, the velocity of the opaque body round 
Algol must be very great, or the real dimensions of 
Algol and of its opaque planet comjiamtively very 
small. Another explanation suggested by the new 
Iheory seems to account for it equally well, oi' per- 
haps better. This explanation is that, instead of an 
opaque body revolving round a self-luminoua star, the 
two bodies are self-luminous, the smaller revolving 
round the larger in an orbit, the plane of wbicb is 
coincident with the line of sight. Two minima and 
two maxima would thus occur in each revolution, the 
former occurring at each conjunction of the revolving 
body with the Earth, and the latter at each quailmturc. 
The distance between the bodies in the latter case, 
though really great, perhaps, would appear so minute, 
owing to the great distance of the observer, that the 
two bodies at their greatest angular distance apart 
would be indistinguishable one from the other. So that 
the elTect of their separation from one another in the 
line of sight would be in effect to increase the magni- 
tude of an apparently single body. The short mini- 
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mum of 15 inin., tho long maximum of some CI hrs., 
and tiie comjmrattvoly short periods of waning and 
brigbteoing, eacb 3^ Lirs., appear to bo tlius fully a,c- 
counted for, all in a semi-revoluLiou ; the waning and 
brightening periods being so short because the motion 
of tho revolving body to and from minimum is at right 
angles to the line of sight, and therefore apparently 
rapid, and the maximuiu period so long because the 
motion of the body at that Limo is nearly parallel with 
the line of sight, and because the amount of apparent 
separation or approximation of the bodies with respect 
to that line is imperceptibly small, except for compara- 
tively short times at the beginning and closing of each 
semi-revolution. 

The same explanation also applies to Delta in the 
constellation Cepbeus, its period being 5 d. 8 hrs. and 
47| min., of which the interval between minimum 
and maximnm is only 1 d, and 14 hrs. The periodical 
filar Beta Lyrae appears to admit of no other explana- 
tion but this, as it baa two minima and two maxima, 
owing evidently to a considerable inclination of the 
orbit-plane of the revolving body to the line of sight, 
so that the latter approaches near, but not to, the disc 
of the central star. Its period was formerly stated at 
between C and 7 days, as its light certainly underwent 
a remarkable diminution and recovery in that time. 
But the more accurate observations of M. Argelander 
have led him to conclude the time-period to Ito 12 d. 
21 hrs, 53 rain, 10 sec., in which a double maximum 
and minimum takes place.* 

(g) Secular VaHationa of Periodle Stars. — In a 
tion to this subdivision of the whole interval of cbai 
(corresponding to an entire revolution) into two sei 
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periods (correspomling to semi-revolutions), we sire 
presented, not only in the case of this star, but in the 
case of abont every periodical star, with another in- 
stance of slow aJteration of period, which has all the 
appearance of being itself periodical. This altenition 
is a gradual lengthening uf the periotl, slow at Grst, 
then much more rapid, then slow again, followed by 
a diminution of the period in all probability through 
the same gradations. In the case of the last mentioned 
star, the period of variation was increasing from 178i, 
the eiKKjli of its discovery, to the year 1840, after which 
it began to diminish. In the case of Algol, a compari- 
son of the earlier with more recent observations indi- 
cates adimiuution in the periodic time, not uniformly 
progressive, but "actually proceeding with accelerated 
rapidity, which, however, will probably not continue, 
but, like other cyclical combinations in astnmomy, will 
by degrees relax and then be changed into an inci>ease 
according to the laws of periodicity which, as iveli as 
their causes, remain to be discovered." 

It seems strange that the simple explanation of this 
slow alteration suggested even by the analogous phe- 
nomena of the Solar System, has not previously 
occurred to investigators of this subject. All nstrono- 
mers are aware that no body in the whole visible 
heavens is at rest. Observation has demonstrated the 
occurrence of movements even of the fixed stars in direc- 
tions at right angles to the line of sight, and the apoo- 
ti-oscopo reveals to us even the actual rate of their 
motions in tliat line ; whicli appears to he tjuite com- 
parable with that of the Kiirtli in its orbit around 
the Sun. Now granting ihat the variablu stars arc 
approaching towards, or receding from, us. In virtue of 
the proper motion of these bodies, or of the Solar 
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System, or of both tugttlicr — the light which travels 
between us and them at the rate of about 190,0l«) 
miles per seconii would come to ns more slowly when 
they are receding, than when they are approaching. 
For every 190,000 miles they recede from us, the dura- 
tion of their phenomena, would apparently, though not 
really, lengthen one second, and for every 190.000 
miles they approach, the same would be similarly 
diminislifx). Wc know this to be the fact in the oase 
of the trans it- [>ori Otis of Jupiter's sattelites, which are 
found to lengthen slowly and gradually when the 
Earth recedes from, and to diminish slowly when it 
approaches toward?, that planet ; the total variation of 
all the transit perioils occuring between opposite points 
of the Earths' orbit, or intbe course of about six months* 
time, being about 17 minutes. And there ap{iears no 
reason whatever to think that the slow alterations of 
changes of the periodic stars (in the case of which, 
however, the velocity of the motion causing the varia- 
tion is not so great as that of the Earth's motion around 
the Sun) are not attributable to the same cause. 

(h) Periodic Stars cf Long Pe}-lod. — There are 
some periodic stars the phenomena of which, however, 
can not be duo to the revolution of one incandescent 
body around another; these in about every instance 
being of comparatively long periods. The most - 
remarkable of these is the star Omicron in the 
constellation Cetus, or Mira Ceti, its period being 
331 d., 8 hrs., 4 min., 16 sec. At its greatest bright- 
ness it is sometimes equal to a star of the second mag- 
nitude. After alx)ut a fortnight, it begins to decrease 
in Uister,and at the end of five months becomes invisi- 
Iilo to the naked eye, in which state it remains about five 
months more, finally brightening up as before in the 
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remainder of the jreriod. It does not always return to 
the same degree of brightnesa, however, nor increase 
and diminish by the same gradations. Of these phe- 
nomena there appears to he little or no explanation, 
other than that they are, as the nauietlMira implies, 
strange and wonderful. In the light of the new theory, 
however, they are clearly referable to a system nearly 
in its ultimate stage of evolution. Thecollisions which 
we have already noticed as taking place between tlie 
expanding sub-sj'Stems into which any particular system 
would bo divided, would, in their initial stage, verj' 
probably not occur at one time only, but at many 
BQCccssive times; and at each collision a portion of 
the colliding systems would be vaporized. The resulting 
incandescent vapor, while it was collected at one spot, 
would bi3 brightly visible to us; but as it was dissipated 
between the paths of the colliding bodies (in which it 
would ultimately appear, after many reinforcements, as 
an annular nebula), it would become less and less appar- 
ent and would finally diffuse and dwindle into invisi- 
bility. This theory appears to explain fully the facts 
of the case ; and no other theory appears to be tenable. 
A falling planet, or colliding comet, is manifestly pre- 
cluded by the regularity of the occurrence; and ZoUner's 
theory of rotation of a bo<ly having sides of different 
degree.s of luminosity, while it provides for the regu- 
larity of occurrence, is in turn precluded by the brief 
duration of the brightness as compared with the long 
iwriod of invisibility, as well as by the suddenness 
with which maximum brilliancy is attained, while the 
waning of that brilliancy requires nearly half of the 
entire perioti. Goodricke's theory of oocultatioD by 
paqne body revrdving al>out an incandescent E 
r the same reason, entirely inadmissible. 
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The most reaBonable, and by far the best supported 
by spectroscoiiic and other evidence, is the explanatJoQ 
(very similar to the one here snggestetl) offered of these 
phenomena by J, Norman Lockyer in a series of 
papers in volumes 39 and 40 of Jl^ature. In these 
papers he accounts for the phenomena of periodic 
stars by collisions with mcteoritic swarms. The regu- 
larity wouUl thus be owing to the passage of the 
body presenting the changes during its orbital 
motion through a swarm of meteorites, whose orbit 
intersects its own, the collisions with the meteor- 
ites at the point of intersection causing the evolu- 
tion of incandescent vapors to which the bright- 
ness is duo. This explanation, with little exceptions, is 
about the same as that which the new theory suggests. 
The periodicity by the latter would he determined by 
the synodic period of an expanding sub-system of plan- 
etoids with a neighboring expanding snlvsystem around 
a common center of revolution ; the collisions occurring 
when the inner Bnl>system would overtake the outer. 
The explanation of meteoritio swarms, however, appears 
to be open to one or two slight objections from which 
the latter is free. In the first place, the number of 
meteorites encountered during every passage of the 
body through their orbit would not reasonably be the 
same, and, as in the case of our own world pacing 
through the orbits of the August and Novembi;r swarms, 
it is even probable that at times scarcely any meteorites 
whatever would be encountered. Tims the m.aximmn 
brightness of the body would vary probably from tho 
minimum up to the highest umgnitiides, and the intensi- 
ties of any two maxima would l)e hardly ever alike. 
And in tho second place it can hiirdlv l«' regarded ab 
probable thai the orbital ]iiillisof ihc swarrn and of 
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the body would continue to intersect one another for 
such long perioils of time; for as the two would proba- 
bly belong to different systems of some onier or other, 
they would obviously soon part company owing to the 
divergeiioe of the wider motions of the different systems 
to which they would belong. 

176, The General Process of Subdivision thus 
Implied. — Now these processes of subdivision which 
ore taking place in the nebuJEe and the periodic stars 
are but continuations of the processes which are tak- 
ing place incur own Solar System. The latter will 
be reduced by the continuation of the process now 
going on, to the nebular stage; the nebulae will be still 
further comminuted, expanded and amalgamated ; 
until finally we have a univei-sal nebula similar in all 
respects save magnitude and density to the planetary 
nebul^B which we now see in the heavens and similar 
in all respects save motion to the universal nebula with 
which we started. 

177- Nature of tJte Ultimate Subdivisions of Mat- 
ter. — We have thus briefly and very imperfectly traced 
the segregation of any particular original spheroid hav- 
ing a certain amount of aAlal rotation into subordinate 
spheroids each revolving round the nucleus of the 
original spheroid in the plane of its equator; the 
segregation of each of these in a similar manner 
into smaller spheroids revolving round both the 
subordinate spheroids and the genetic spheroid ; and 
so on until a stage is arrived at nearly like that 
with which we began. Now if this process had 
taken place in a regular manner, without interfer- 
ence from neighboring parts, or from erratic bodies, 
the motions oF the ultimate I'omjwnents of the ultimate 
spheroid would be of a very complex nature. But 
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obviously even in this case, all of Ihc ultimate com- 
ponents would not possess the same niimljer of motions 
nor velocity of rotation. For, in general, tbe central 
components being the most recently formed would 
have comparativuly simple motions (^. c, around only 
a few different centers), tbe velocity of which, however, 
would be comparatively very great ; while the peripheral 
components, being the older, would have motions of 
greater complexity (or round many different centers), 
but of a less degree <if velocity. 

But it does not seem probable that, in a splieroUl 
thus reduced to its ultimate constituents, motions of 
very great complexity would be permanent. The 
intricate net-work of connexions would undoubtedly 
resist complicated movements of parts having sucb 
extremely small masses ; and would eventually resolve 
itself into comparatively simple bonds between con- 
tiguous components and between contiguous groups of 
components. For, as the subdivision continued, the 
mass (and therefore in general the momentum) of each 
component would decrease while at the same time the 
inassiveness of theconnexions through which the com- 
ponents have to move would increase (owing to the con- 
tinual formation of new ones); and thus would a more 
and more powerful brake be put apon complex motions 
of the parts as tbe subdivision pi-occeds. 

The result, then, would be an arrest of motions 
around distant subordinate centers; the arrested 
motion probably going to augment the equal angular 
rotation of the resulting spheroid as a whole. The , 
connexions of the arrested components would prob( 
be appropriated in part by those of neighboring 
ponentg; but these disused connexions would i 
exist, in all probability, a;s an independent and i 
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ri>rm of matter. But the evidences confirmatory of 
lliis, lies io the domains of the molecalar phenomena of 
electricity and magnetism; and must therefore be 
deferred until these pbLnoraeiia are discussed. The 
IiJiTcst ultimate components thus arrived at would be a 
primary body incapable of further subdivision with the 
rate of rotation which it then posesses, and one or more 
bodies connected with it and circulating around it. A 
higher form of ultimate component also might couaist- 
of a similar central botly around which circulates a sec 
ond similar body which is itself a center for a third 
circulating body, or even with one or more of these 
bodies themselves compound. 

That the cii-culating motions of these components 
would bo arrested by the connective substance would 
not follow from the siirae causes that arrested the 
motions round more distant centers, for the reason 
that whereas the latter would bo resisted by a multi- 
tude of connexions subtending between all bodies 
among which they moved, the former would be resisted 
only by the few connexions between its own primary 
and the neighboring primaries. 

If insteatl of a system in which no interference by 
expansion of component parts or action of erratic 
bodies, was supposed to take place, wo consider the 
case of a system in which expansive interference would 
occur, it will be seen that the same motions would be 
arrested by it, as by the eventual resistance of the con- 
nective substance, and no other. In the collision of 
an inner with an outer sub-system revolving around 
the same center, the orbital revolution of the latter 
would be increased and that of the former diminished, 
while it is always the wider of the rovointinns in the 

liding sub-systems thcmsclvts that would be thus 
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destroyed. So that, in either case, we arrive at the same 
result — an accelerated, equable rotation of tbo resulting 
spheroid as a whole; and a simple, together with some 
slightly cora|K)und, systemic motions of its ultimate 
components. 

And considering also the agency of erratic bodies, 
such as comets and meteorites, we can still ascribe 
nothing to them that would seriously interfere with 
the same result. As for the rotation of the resulting 
spheroid as a whole, as these bodies would fall upon it 
about eipally from all directions, they could influence 
it in any particular direction but little, while the larger 
intermediate motions would suffer at least partial 
arrestation. And as for the motions of the ultimate 
components, they can only be met and arrested by the 
motions of bodies of a magnitude similar to their own, 
and even then, perliajK, but rarely, if ever. 

The collisions of two masses of matter, if it oooara 
with the tremendous energy implied by planetary 
velocities, would, indeed, not only arrest the motions 
of a portion of the elementary systems, but also give 
rise to their motion in a reversed direction with a still 
greater energy ; while the motions of another would 
not suffer arrest, but acceleration wliolly. In mechan- 
ical collisions of any kind there can but comparatively 
an extremely small number of bodies of elementary 
systems be brought to rest ; first, because it is l>ighly> 
improbable that the velocity of the colliding masses 
would be exactly equal to that of the bodies of Uie 
elementary systems; and, secondly, because, even If 
the velocities were exactly eriual, it is equally as im- 
probable that tlie direction of collision and that of tfaft i 
oiementary rotation would by exactly oppoaitfl. And'-' 
the very few elementary bodies which might bn thus 
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brought to rest would ha again immediately started in 
motion by their connexions with the accelerated ad- 
joining bodies. Thus the result we have arrived at by 
the regular process of cosmical segregation remains 
practically unaJfected by the various accidental con- 
tingencies, such as systemic interference, cometary 
and raeteoritic impacts, ring-disruptions, etc., to which 
that process may be subject. 

The ultimate element of matter in its simplest ftmn 
at which we have thus arrived would consist of a cen- 
tral body, a secondary body, revolving around it, a 
pritnary connexioji joining the two, and var'imts secofid- 
an/ connt'xion^ joining the bodies to neighboring ele- 
ments. Moreover, each of the two bodies, according to 
analogy, would have a connective atmasphire which 
woald permit the expiiusion of the element when the 
Telocity of revolution of the secondary btnly was 
increased; and finally each of the elementary bodies 
would also have a certain amount of axial rotfjfiim. 
This axial rotation of the primary body, if it should be 
the remnant of an originally large spheroid, would bo 
extremely rapid; and the more rapid the rotation of 
the primary IxHiy, cmterlif parihuH, the more rapid 
would he the revolution of the derived secondary body 
also. What it is that performs this rotation and revo- 
lution wo do not know and may never know, nor oven 
conceive or imagine; and it seems oven to be utterly 
futile to speculate about it. The ultimate nature of the 
elementary connexions seems equally as inscnitabie as 
that of the elementary bodies. To both entities tho 
name of matter or substance may properly apply ; but 
the connexion, thongh not theor«ticalIy any more 
mdivisihlc than the bo<ly, may, perhaps, be regarded as 
perfectly homogeneous, whereon its analogue, the plane- 
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tary connexion, can only be reganled as composed of 
simple and compound elements. 

178. VltimaiG Stientijic C<.»u:eplions. — It may now 
be said that we have taken a panoramic view (though 
no doubt an extremely imperfect one) of one Grand 
Kound of cosmical evolution. How many similar 
Hounds the Cosmos had previously undergone we proba- 
bly can never tell, any more than wo can tell how many 
may tuke place in the future. It does not now seem 
conceivable that the ultimate elements of matter could 
have been evolved out of a perfectly homogeneous mag- 
ma wholly without part or division in such a cosmical 
process as is now taking place, because there would bo 
lacking the individual components which, in the sur- 
face-contractions, are to approach each other. In fact 
it appears that we have now arrived at the " most gen- 
eral conception" in which all other conceptions must 
be included; and which, therefore, must itself remain 
inexplicable — at leust until wo know somewhat more 
about the universe than wo do at present. The nature 
of the process by which Matter fii-st became sulHlividod 
into component elements is just us inscrutalile :is is tbe 
nature of the stuff of which the elementary bodies and 
connexions consist. These are the present limits of our 
knowledge — a Universal Whole of nearly homogeneous 
vajKir, made up of distinct coraponont parts, and the 
Atom, or ultimate component part itself. Beyoad 
either of these limits, our intellect can not soar, for 
nothing there appears to render it support or rest 

179. Jiesults of a Grand Jiound of Cosmical Ewh ', 
luiion. — But premising these limits, we can trace wlttt- 
a tolerable degree of clearness the processes which,. i 
would naturally take place, until almost an eternity 
of evolution brings us again to a state of things appar>' 
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ently similar in all respects to tliat with wbicli we 
stiirteil. But this vast cycle of evolutiuii would surely 
cause some change in the pre-existing sUite of things. 
Some pcniiancnt results woiikl be thus allained, and 
would be more and more enluiticeil by succeeding 
cycles. What, then, are these results'* From what 
we have already gone over we can, with a fair degree 
of confidence, deduce the following : First, an e^tpansion 
of the AVhole outwards into space owing its axial 
rotation (either prev-iously acquired as suggested in 
Art. no, or original); second, an acceleration of the 
previous rotation of the Whole; third, an acceleration 
of the rotation of the ultimate component parts of the 
Whole (either previously acquircsd, or original), and 
this very probably accompanied by a subdivision of 
these parts owing to this increase of rotation ; and 
fourth, an accelerated revolution of tlie secondary 
oomponents of the ultimate elements of matter around 
the primary components of these elements, necessarily 
resulting from their accelerated rotation. These, then, 
are oui' most general deductions. The sole products 
of the myriads of ages of evolution and disolution, 
development and destruction, pleasure and pain, life 
and death of any one Kound of cosniical segre- 
gation aru a mere g:iin of Motion in Time and an 
increased encroachment of Matter upon Space^as 
compared with these elements in the preceding llound, 
180. Hie Universe of Muhcular Phenomena 2f<no 
Opening Before Us. — We are thus ultimately led by 
the new theory into the microcosmic domains o£ the 
molecule. There now ojwns before our view the actual 
mechanism of the phenomena of heat, as manifested in 
its reflection, refraction, transmission, conduction, and 
effects upon other bodies; of the phenomena of light, as 
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manifested in its transmission, reflection, refraction, 
double refraction, diffraction, polarization, and chem- 
ical effects ; of the phenomena of gravitation ; of the 
phenomena of electricity and magnetism — which alone 
constitutes a world of wonderful yet simple mechan- 
ism ; of the phenomena of sensation, and even of vital 
and of mental action. We have already discussed somo 
of these phenomena in their cosmical relations. We 
have now to examine them in their molecular relations 
and thus interpret the mechanism of the varied mani- 
featations in which they affect our senses. 

Thus are the grosser phenomena of the universe 
seen to blend gradually and insensibly into its most 
refined phenomena; and Prof. Huxley's words apply 
here with peculiar fitness : " Living matter differs from 
other matter in degree and not in kind ; the microcosm 
repeats the macrocosm ; and one chain of causation 
connects the nebulous original of suns and planetary 
systems with the protoplasmic foundation of life and 
organization." So, also, the words of Prof. Mendeleef : 
"The unseen world of chemical changes is closely 
analogous to the visible world of the heavenlj' bodies, 
since our atoms form distinct portions of an invisible 
world, as planets, satellites and comets form distinct 
portions of the astronomer's universe." 

181. Assigned Limit of this Work. — But we are 
here constrained to pause — not, indeed, owing to the 
magnitude of the work which yet remains to bo done, 
although it is by no means small, or to any inherent 
diificulty which, in connection with the views here ad- 
vanced, it involves. Most of the ground has been 
already gone over, and as far as could be seen at a first 
view, certainly no greater obstacles appejired than has 
been met and easily surmounted in the domains trav- 
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ersed in this volume, A few of tlie results derived from 
this fui'tlier investigation have been mentioned in the 
Iwginning of this work {Arts. 22 to 26 inclusive), and 
with these, although they are but very meagre returns 
frdhi so vast a fiehl an<l from the splendid harvest it 
contains, we must, for the present, remain content. 

It does not seem nnreasonable to think that the 
foregoing pages contain sufficient evidence to demon- 
strate the ntter fallacy of one of the two theories hcra 
discu&sed and, at least, the approximate correctness of 
the other; so that the introduction of stiti further evi- 
dence for the puqjose of demonstrating the truth of 
the one or the error of the other seems quite super-» 
fluous. When a desire for the further facts which the 
new theory may teach becomes generally manifested, 
as prompted by the conviction of the trustworthiness 
of that theory which the evidence already presented 
seems more than adequate to inspire, the remaining 
portion of the work will be readily forthcoming. And 
if no such desire is manifested in consequence of sucli 
a conviction, it would be a mere waste of words to 
adduce even all the evidence which the theory holds in 
reserve, 

182. Connfctive RemstdiH-e to the Motions of t/ic 
MeavetUy Bodies. — There is hut one thing further that 
will here engage our attention, and that is the resist- 
ance to the motions of the heavenly bodies which the 
connective substance would evidently offer. Of com-se, 
this resistance would not be greater iu the case of the 
connective substance of the new theory than it would 
be in the case of the ethereal medium of the old 
theory. In either case there would obviously be fric- 
tion when a body passes throngh a material medium. 
And, since there appears to be no diminution of the 
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planetary motions, owing to this cause, it becomes a 
]irot)ei' matter of inquiry how these motions oouid 
possibly be maintained in opposition to the rosistance 
which that medium, it seems, must necessarily uffur to 
them. 

Of this difficulty it appears thatlittluif any explana- 
tion has previously been offei-ed. And the one which 
is here suggested — if one indeed it may properly be 
called — is, in view of its extreme simplicity and fivaiil 
iarity, offered with the greatest diflldence. 

183. Possible Cause Counteracting tlie C^nne<.iivc 
licaUtance. — It soeras to be gonomlly :idmitted that Iho 
«ord which confines a revolving; body to a circular jjath 




offers no resistance whatever to the motion of the I 
in that path. But, as a matter of fact, does nob tM 
action of the cord ijuantitatively modify the actual 
path which the circulating body pursues? It is true 
that a pul! acting upon a body at right angles to the 
direction in which ii is moving would neither increase 
nor diminish the quantity of its motion in that dhve- 
tion. But since tiie pull changes the direction of the 
motion, it seems to follow from this very fact that the 
path of the body, in a unit of time, would be gnmter ia j 
the changed than in the unchanged direction. If t' 
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projectile motion of the body in a unit of time be sucU 
as to make it describe the path a h, and tbe body be 
subjected during tbatlimt! to a pull which would cause 
it to move a distance a d oX right angles to a h, then 
does it not clearly follow fi-om the composition of forces 
that the body would describe in the same unit of time 
the path a c, or the diagonal of the rectangle of which 
a h and a d are the sides^ * And if the inward pull upon 
the body has thus caused it to describe alon^er path in 
a unit of time than it would describe in the al>sence of 
that pull, has not that pull, as a matter of fact, actually 
increased the absolute velocity of tlie body? It cer- 
tainly seems that it has; and since the inward pull 
oi>erates upon the body continually, it would thus fol- 
low that tbe absolute motion of the body in its circular 
path, other things equal, would be continually increased. 
And the explanation here sugg^ted is that approxi- 
mately what the resistance of the medium diminishes 
the absolute motion of the body, the radial pulling of 
the primary con.1 increases it. 

In corroboration at least of an approximate cquivar 
lence of the two opposing tendencies, it is to be 
observed that while an outer planet moves in a less 
dense medium than an inner planet, its nulial pull, on 
the other band, is also less; and the inner planet mov- 
ing through the greater density has a relatively great 
radial pull to compensate for the greater density of the 
medium. Of course this greater radial pull on the inner 
planet would not fully compensate for the greater den- 
sity of the medium, if the resistance offered by the latter 
varies as in gross matter, or matter as we are sensible of 
it. But this ratio may not hold in the former cose us 
in the latter. In other words, an increase of density of 
the connective substance (which at the planetary dis- 
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tances woukl be at least as much rarer than tlio most 
jierfect vacuum, as that vacuum is rarer than ordinary 
matter) does not necessarily imply a proportional 
increase in the resistance it would oCTer to moving 
bodies. The resistance would obviously be greater in 
the greater density, but very probable in a somewhat 
smaller ratio. And thus, perliaps, even the exact 
equivalence of the resistance offered by the connective 
medium to the absolute orbital motion of a planet and 
the assistance of that motion by the radial pull would 
in all cases be continually maintained. 

184. Retrospect. — To summarize the results of our 
investiffatiou so far as it has been carried out would be 
little less than a repetition of what has already been 
said. Only the more important results have been 
given, and these in the briefest possible form which 
would convey tbera to the reader's mind. The entire 
work is little more than a summary of the more 
detailed investigations which it was necessary for the 
author to discuss for even the approximate determina- 
tion of the given results ; and a summary of a summary 
would soarely be more than a mere recapitulation of thi 
subjects discussed. A final very bi-ief survey of 1 
roost important results obtained may not, howev( 
nnfittingly close our invest igatiou. 

In the first place, then, we have taken a glance a 
the progress of physical inquiry in the past, from tbi 
crudest fancies of the savage to the highly abstrai^ 
conceptions of Kewton and Laplace. And we havf 
learned from this that the history of physical aatrow 
omy is a recital of the general belief in some conc< 
tion of the mechanism of the heavens, the more carefa| 
examination of tliis conception after a time proviq 
it to be erroneous, and its consequent rejection i 
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replacemont by a new conception, in turn genemlly 
received, in turn eventually rejected like its predeces- 
sor, and in turn replaced by still another conception. 
The last of this series of conceptions, is thai of Newton 
as moditicd by Laplace ; and acting in accordance with 
precedent we have sought to examine this conception 
also much in the sarao manner that each of its prede- 
cessors Las beun examined. Commencing with the 
most general conception of the nebular hyjiothesis we 
carefully considered the phenomena of nebular rotation, 
translation, contraction, subdivision, and development 
into the form in which the Solar, or the Sitlereal Sys- 
tem now exists; and wo invariably found that each of 
these phenomena is wholly inexplicable by the received 
theory. A few specially important phenomena of our 
planet, such as the Moon*s motion around it, the dis- 
tribution of the Sun's heat both upon different portions 
of its surface and at its various distances from the Sun. 
and the phenomena of the tides upon its ocean surface 
— were then examined in the same manner; and in 
each of these instances the current theory appeared to 
be diametrically at variance with the actual fnuts. 

Having previously broatilied a new theory and sup. 
port.ed it with evidences furnished by the hitherto 
unexplained phenomena of the zodiacal light, the solar 
corona, tiie aunB|K>t8, and the connection of these with 
ihe phenomena of atmospheric pressure, precipitation, 
and electricity upon our own world, we now proceetleil 
to examine, in connection with this new theory, the 
phenomena in which the current theory had failed ; and 
these, without exception, were observed to corroborate 
the now theory in a wonderfully clear and simple man 
nur. The remaining principal phenomena of the Si- 
dereal System were then investigated, and in every 
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instance the evidence obtained was pluinl; and strongly 
conlii-malory of the evidence already adduced. The 
Saturnian Ring, the uomets, with their various peculiar- 
itiea of form and motion, the meteorites, which have 
been olraerved to fall upon the Earth out of the heavens, 
and which bring with them indubitable evidences of 
the processes of their origin^all have been, and still 
are, remarkably clear and direct witnesses in support 
of the connective theory. The hitherto silent and 
mysterious movements of the magnetic needle, mani- 
fested in its diurnal, annual, irregular, and secular 
variations, have for the first time found a voice appar- 
ently as true to this theory as the needle to the pole. 
Even the testimony of the" rocks, the Coal Measures, and 
the great Ice Age, which time has engraved uix>n the 
Earth-crust, and which has heretofore remained unde- 
cipherable, is clearly interpreted by means of the guid- 
ing principle which this theory furnishes; and, in turn, 
further ellucidates and exemplifies it. And when we 
ascend to the remotest bodies of the Sidereal System, 
the new, the variable, and the periodical stars, and the 
various nebular forms, the light which they shed from 
the almost infinite depths of space, bat illustrates the 
harmony of the theory with their various manifesta- 
tions. 

Thus, while the old Force-theory seems to be 
squarely confuted by several very important phenora-- 
cna, and is incompatible with, or at least unrecognized 
by, many of the rest, every phenomenon of nature, 
without exception, appears to be consonant, and of a 
piece, with the new connective system here advanced. 

1 S5. Condvsion, — But a word of caution may not 
here be amias, Although apparently so excellent and 
so agreeable with the facts, it can hardly be expected 
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that the new theory is perfect. Even though it may 
be regarded so meritorious as to be geaeraliy accepted 
in preference to any other, there are many consider- 
ations which lead to the belief that \t7nust conhiin 
errors, and that it may be just as eiToneous in com- 
parison with a still more radical and exhaustive theory 
as its predecessor is in comparison with it. We apjiar- 
ently have no right at the present time to assnme that 
we have attained to perfection in anything ; and e.'ipeo- 
ially is this true in the case now under consideration 
of which past records show but successive acceptance of 
errors, each of which is only less gross than its prcde- 
oessora. 

But though we cannot yet claim perfect conception 
of the mechanism of natural phenomena, our duly now, 
as in the past, is none the loss to cleave to those con- 
ceptions of them wliich ap])ear to be the nearest to per- 
fection, and willingly to reject all othere. Whether 
we may or may not ultimately arrive at absolutely jwr- 
fect conceptiona of these things, we seem at the present 
time to have not suiHcient grounds for deciding ; but 
if ever we sliall attain to sucli perfection, the ready 
acceptance of the less erroneous conceptions, however 
great the genius or the prestige by which opposing con- 
ceptions may have been maintaine<l, is the only road 
which leadeth in that direction. 
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